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This Program Solicitation is issued pursuant to the authority of the National 
Science Foundation Act of 1950, as amended (42 U.S.C. 1861 et seq.) for the pur- 
pose of supporting scientific research or related activities, and is not subject to the 
Federal Procurement Regulations, except the Cost Principles cited in 41 CFR Sub- 
part 1-15 

This program ts described in the Catalog of Federal Domestic Assistance cate- 
gory number 47.053, Scientific, Technological, and International Affairs. OMB Cir- 
cular A-95 is not applicable. 
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PROGRAM SOLICITATION FOR 
SMALL BUSINESS INNOVATION RESEARCH 


SUMMARY 


The National Science Foundation (NSF) invites science- 
based and high-technology small business firms to submit 
research proposals under this program solicitation entitled 
Small Business Innovation Research (SBIR). Firms with 
strong research capabilities in science or engineering in any 
of the following topic areas are encouraged to participate. 
NSF will support high-quality research proposals on impor- 
tant scientific or engineering problems and opportunities 
that could lead to significant public benefit if the research 
is successful. 

Objectives of the solicitation include stimulating techno- 
logical innovation in the private sector, increasing the com- 
mercia! application of NSF supported research results, and 
improving the return on investment from Federally funded 
research tor its economic and social benefits to the nation. 

Proposals will be considered in the following topic areas: 


Materials Research 
Alternative Biological RP esources 
Marine and Freshwater Resources 
Mineral Resources 
Scientific and Industrial Measurements 
Microelectronics 
Computer Science and Applied Mathematics 
Computer Enginee: ing 
Robotics and Controls 
Information Technology 
Communications and Systems 
. Science and Technology to Aid the Handicapped 
Advanced Manufacturing Processes 
. Advanced Chemical Processes 
. Chemistry 
. Biochemical Engineering 
. Advanced Immunological and Microcarrier Techniques 
Food Process Engineering 
. Water Treatment Research 
. Atmospheric Technology 
. Radiation Processing and Control 
. Heat Transfer 
Light Machinery and Components Research 
. Tunneling, Drilling, Excavation, and Dredging 
In 1981 NSF made 85 awards of up to $30,000 each to 
individual small business organizations under Phase I of the 
three-phase SBIR program. A similar number is anticipated 
in 1982 depending upon the availability of funds. Phase II 
awards have averaged $200,000 and will be made to those 
companies with approaches that appear most promising as a 
result of the first phase. Phase III is the development phase 
to pursue commercial applications, and will not be funded 
by NSF. Both Phases I and II may include a fee. 
This solicitation is for Phase I proposals only at this time. 
NSF ts interested in research on advanced concepts in sci- 
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entific or engineering areas, particularly where the research 
may serve as a base for technological innovation. 

Note: NSF funds research; it does not fund product devel- 
opment, technical assistance, or pilot-plant efforts. It 
normally will not support clinical research nor does it fund 
market, classified, or weapons-related research. “SF also 
coordinates its funding decisions with other Federal mission 
agencies that support research in areas of mutual interest. 
Research specifically targeted to the energy field should be 
referred to the Department of Energy. 


Converting Research to Technological Innovation 
and Commercial Applications 


In addition to the funding of scientific and engineering 
research, a second important goal of the solicitation is the 
conversion of NSF-supported research into technological 
innovation by private firms. Therefore, on an optional basis, 
the solicitation includes an incentive for proposers to obtain 
a contingent commitment for private follow-on funding prior to 
Phase II to continue the innovation process where it is felt 
that the research also has commercial potential. Federal 
funding pays for research on NSF objectives (Phases | and 
Il); private capital provides for follow-on developmental 
funding to meet commercial objectives (Phase III). 

Proposers who feel that their research has the potential 
to meet market needs, in addition to meeting the research 
objectives of the solicitation, are encouraged to obtain private 
venture capital or other follow-on funding to pursue the 
the development phase. The commitment for the follow-on 
funding must be from a third party. The commitment should 
be obtained only after receiving a Phase | award but prior to 
Phase II. This commitment may be contingent on the NSF 
supported research meeting a few specific technical objec- 
tives in Phase Ii which, if met, would justify private invest- 
ment to pursue further development for commercial pur- 
poses in Phase III. 

Phase | proposals which (1) briefly describe potential 
commercial applications of the research and (2) indicate 
that the proposing firm intends to obtain follow-on funding 
for further development, will receive extra consideration as 
a point of merit in the evaluation process. Similarly, Phase II 
proposals that provide a commitment for follow-on funding 
also will receive extra consideration as a point-of-merit in 
the evaluation process. The maximum value will be given 
when the Phase II proposal is accompanied by a signed con- 
tingent agreement for follow-on funding equal to or in ex- 
cess of the request for Federal support in Phase II. 

The awardee will be permitted to obtain commercial rights 
to an invention made in either phase, subject to certain con- 
ditions, in accordai.ce with NSF patent policies. 


Phase I—Feasibility Research 


Phase | is to conduct advanced applied or basic research 
on the proposed innovative idea or approach. The proposal 
should concentrate on that research which will significantly 
contribute to proving the technical feasibility of the ap- 
proach or concept and which would be prerequisite to fur- 
ther research and NSF support in Phase II. 

Phase I also is designed to reduce the investment of time 
and cost to small firmsin preparing a formal proposal under 
this solicitation as compared to other NSF formal pro- 
posals. The entire Phase I proposal is limited to 20 pages, 
including the cover page, budget, and any attachments. 
Awards will be made by NSF based upon evaluation of 
Phase I proposals. All proposers will be informed of those 
receiving awards, and successful proposers will then have 
six (6) months to carry out their proposed Phase | effort. 
Phase I results are to be submitted in a final report. 

It is anticipated that Phase I will result in fixed-price 
awards of a specific amount up to $30,000. Since price 
competitition is not a factor in Phase I, the basis of selec- 
tion will be the best value to the Government in terms of the 
criteria described on page 7. Payments will be made as 
follows: one-third at the time of award, one-third three 
months after award, and the remainder upon acceptance of 
the final report by NSF. 


Phase li—Principal Research Project 


Phase II ts the principal research effort. Only those re- 
ceiving Phase I awards will be eligible to submit Phase II 
proposals. 

Phase Il proposals must be submitted within thiriy (30) 
days after the expiration date of Phase | award. They may 
be submitted earlier but not prior to the submission of the 
Phase I final report (see schedule below). Phase II pro- 
posals must be prepared in accordance with further infor- 
mation which will be provided to all Phase I grantees. 

Phase II proposals may request support for up to a three 
professional person year level of effort annually, depending 
upon the scope of the research, for a period up to 24 


months. Prior Phase II grants have averaged $200,000. I is 
estimated that one-third to one-half of Phase I awa’ dees 
will receive Phase II awards, depending upon avai! «bility 
of funds. 


Phase Ili—Development 


This phase, conducted by the small business firm, is pri- 
vately funded from a third party source through the exer- 
cising of the follow-on funding commitment. Phase III is to 
pursue commercial objectives from the NSF-supported re- 
search carried out in Phases I and I]. 


Limitations 


A proposal must be limited to one topic or subtopic listed 
in this program solicitation. When a proposal has relevance 
to more than one topic, the proposer must decide which 
topic is the most relevant znd submit it under that topic 
only. However, an organization may submit separate pro- 
posals on different topics or different proposals on the same 
topic under this solicitation. 

This solicitation does not obligate the National Science 
Foundation to make any specific number of awards under 
either Phase I or Phase II. 


Eligibility 


Each organization submitting a proposal must qualify as 
a small business for research proposes as defined on page 3. 
In addition, the primary employment of the principal inves- 
tigator must be with the small business firm at the time of 
award and during the conduct of the proposed research. 


Schedule 


To be considered for this program solicitation, Phase | 
proposals must be received by the National Science Foun- 
dation by 5:00 p.m., EST, April 16, 1982. Awards are antici- 
pated approximately October |, 1982, for a Phase I perform- 
ance period of October 15, 1981—April 14, 1983. Phase II 
awards are anticipated in October 1983. 


SCHEDULE 


Phase | 
Proposal due at NSF 
Notification of awards and declinations 
Period of research performance 
Report due at NSF 
Phase Il 
Proposal due at NSF 


Commitment for follow-on funding for Phase III 


Notification of awards and declinations 


Beginning of period of research performance 


by April 16, 1982 

approximately October |, 1982 
October 15, 1981—April 14, 1983 
by April 15, 1983 


by May 18, 1983 
by July 15, 1985 
October 1983 
November |, 1983 


DEFINITIONS 


The following definitions apply for the purposes of this 
solicitation: 


© Research—Investigations directed at the discovery of 
new scientific knowledge which may contribute to the design 
of devices, products, processes, or systems and be carried 
through the construction and evaluation of a laboratory 
prototype, where necessary. 


¢ Development—Technical activities of a nonroutine 
nature concerned with translating research findings or other 
scientific knowledge into products or processes. For ex- 
ample, where the original research proposed is minimal and 
the problem is essentially one of design or packaging of 
existing knowledge or technology into ancw format or is the 
testing of a product for commercial purposes, the effort is 
development. 


¢ C\inical Research—Research on the etiology, diagnosis, 
or treatment of physical or mental disease, abnormality, 
or malfunction in human beings or animals. 

¢ Small Business—A concern organized for profit, in- 
dependently owned or operated, not dominant in the field in 
which it is bidding, and having an average of not more than 
500 employees (full-time, part-time, temporary, or other) 
during the previous |12-month period in all affiliated firms 
owned or controlled by a single parent firm. (From Code of 
Federal Regulations, Title 13, Part 121 as amended). 

¢ Minority Owned and Operated Firm—A qualified 
small business firm that is owned, controlled and operated 
by one or more minority persons (Black, Hispanic, Native 
American or Asian Pacific) who are citizens of the U.S. 

¢ Women Owned and Operated Firm—A qualified small 
business firm that is owned, controlled, and operated by one 
or more women who are citizens of the U.S 


NATIONAL SCIENCE FOUNDATION 
SMALL BUSINESS INNOVATION RESEARCH 


PROGRAM SOLICITATION 


The National Science Foundation is an independent 
agency of the Federal Government. The largest part of NSF's 
resources is directed to support basic scientific and engi- 
neering research projects at academic institui.ons in the 
United States. The Foundation also supports applied scien- 
tific and engineering research, and policy research. 

NSF supports some large-scale research activities, includ- 
ing the Antarctic program, major astronomy, atmospheric, 
and micro-fabrication centers, materials research labora- 
tories, deep sea drilling programs, and international scien- 
tific efforts. It also has funded industry-university coopera- 
live research projects and centers. NSF does not operate its 
own research laboratories or any pilot-plant facilities. 


Innovation and Small Business 


Innovation is a subject of major importance to the Nation. 
Technological innovation is often credited with being the 
most important single contributor to increasing the eco- 
nomic strength, productivity and the standard of living of 
the United States. 


Innovative research !n the fields of science and engineer- 
ing has made significant contributions .o those achieve- 
ments and to the resolution of many problems of the past. 
At the same time, the Nation continues to face many prob- 
lems as well as new opportunities of increasing complexity 
and technical content. 

Recognizing that small business has an established record 
for innovation, NSF is interested in encouraging the partic- 
ipation of this important national resource in this program. 

All types of small business organizations may submit 
proposals, including high technology, R&D, manufactur- 
ing, and service firms. Companies with outstanding scien- 
tific or engineering competence in highly specialized prod- 
uct, process or service areas may want to consider the -esearch, 
through a laboratory prototype, to apply their ex,ertise to 
the topic areas in the solicitation. Such research could make 
significant contributions to the Nation through the solution 
of important problems and stimulating new opportunities. 
In turn, the NSF supported research may provide the 
small business concern with the basis for new potential 
products, processes, and services. 


GENERAL CONSIDERATIONS 


Research Proposals to NSF 


The purpose of a research proposal to NSF is to provide a 
Statement that contains sufficient information to persuade 
NSF, and members of the research community who review 
the proposal and advise NSF, that the proposed work repre- 
sents a sound approach to the investigation of an important 
scientific or engineering question and is worthy of support 
under the stated NSF criteria. 

A proposal should be self-contained and written with the 
cure and thoroughness accorded papers for publication. 
Lach proposal should be reviewed carefully by the appli- 
cant and by others knowledgeable on the subject to ensure 
inclusion of data essential for evaluation. 


Scientific or Technical Merit 


The scientific or technical merit of the proposed research 
is the primary concern for all research supported by the 
National Science Foundation. The proposed research must 
address a single topic of the solicitation or an important 
segment of a topic. The quality of the research proposed will 
be the principal basis on which proposals will be evaluated 
and funded. 


Innovation as a Second Objective 


The proposed research must be responsive to the NSF 
program objectives. However, the same research often can 
serve as the base for technological innovation, new com- 
mercial products, processes, or services which benefit the 
public. This also represents a desirable economic objective, 
and such proposals are encouraged. 

Proposals must be confined principally to scientific or 
engineering research which may be carried through con- 
struction and evaluation of a laboratory prototype, where 
necessary. Proposals principally for the development of proven 
concepts toward commercialization or for market research 
should not be submitted, since such cfforts are outside the 
authority of NSF to support and are considered the respon- 
sibility of the private sector. Commercialization is the objec- 
tive of the follow-on funding option, which is to fund devel- 
opment efforts in Phase II] using private capital, as a 
continuation of tne research supported by NSF under Phases I 
and II. 


High Risk/High Payoff Research 


Another objective of the solicitation is to increase the 
incentive and opportunity for small firms to undertake high 


risk research that has a high potential payoff if the research 
is successful. Major technological innovatioans often re- 
quire high front-end risk investment which can effectively 
lower the risk for follow-on investors. Federal support of 
the front-end research on new ideas, often the highest risk 
part of the innovation process, may provide small business 
sufficient incentive to pursue such research. 


Phase |—Feasibility Research 


Phase I is to conduct a feasibility related experimental or 
theoretical research effort on the proposed innovative idea 
or approach. This research effort will be for up to $30,000 
over a period not to exceed six (6) months. The proposal 
should concentrate on that research will significantly con- 
tribute to proving the scientific or technical feasibility of the 
approach or concept and which would be a prerequisite to 
further NSF research support in Phase II. 


Phase li—Principal Research Project 


Only awardees under Phase I will be eligible to submit a 
formal proposal following completion of the first phase to 
carry out the principal research effort in Phase II. Phase II 
will require more comprehensive, standard NSF proposals 
which must be submitted within thirty (30) days following 
the expiration of the Phase | grant period to be considered 


part of the solicitation. Phase II proposals may be submitted 
earlier but not prior to submission of the Phase I final report. 

Che funding and the period of performance under Phase 
II will provide for up to 24 months of support for up to a 
three professional person-year level of effort annually, depend- 
ing upon the scope of the research. Phase I] awards will be 
contingent upon evaluation of the Phase I report and the 
Phase II proposal. Phase I] awards have averaged $200,000. 
It is anticipated that one-third to one-half of Phase I 
awardees will receive Phase II grants depending upon avail- 
ability of funds. 


Phase Ili—Development 


This phase, conducted by the small business firm, is pri- 
vately funded from a third party source through the exercising 
of the follow-on funding commitment. Phase III is to pursue 
commercial objectives from the NSF research base established 
in Phases I and II. 


Project Responsibility 


The responsibility for the performance of the principal 
investigator, and other employees or consultants who carry 
out the proposed work, lies with the management of the 
Organization receiving an award. 


RESEARCH TOPICS 


This is a solicitation for research proposals on advanced 
concepts from small business firms which have strong research 
capabilities in applied science, basic science or engineering. 

A proposal must be limited to one topic or subtopic. The 
same proposal may not be submitted under more than one 
topic. However, an organization may submit separate pro- 
posals on Cifferent topics or different proposals on the same 
topic under this solicitation, 

Where similar research is discussed under more than one 
topic, the proposer should choose that topic whose description 
appears most relevant to the proposer’s research concept. 

Proposals may respond to any of the topics below or to 
specific, sub-topic areas within them. Research may be car- 


ried through the construction and evaluation of a labora- 
tory prototype, where necessary. 


See topic descriptions beginning on page 13. 


Note: NSF does not fund product development, technical 
assistance, or pilot-plant efforts. It normally will not support 
clinical research nor does it fund market, classified, or weapons- 
related research. NSF also does not fund research that is 
duplicative of research supported by other Federal mission 
agencies such as energy research. 


Information may be obtained on other Federal agencies 
directly from these agencies. 


PHASE | PROPOSAL CONTENT 


Those who wish to respond to this solicitation should 
submit a research proposal of no more than 20 pages cover- 
ing the items listed below, with approximately one-third of the 
proposal devoted to the research plan. T he proposal should be 
direct, concise, and informative. Promotional and nonproject- 
related discussion is discouraged. To meet NSF require- 
ments, all items are to be covered fully and in the order shown, 
but the space allocated to each will depend on the problem 
chosen and the principal investigator's approach. All infor- 


mation must be included in the 20 pages, and no additional 
attachments are allowed in the interest of equity to all 
proposers. 


Do not emphasize the commercial applications in the 
research proposal except to discuss them briefly under items 
3, 4, and 13 as appropriate. The proposal must be princi- 
pally directed at research on the specific topic or subtopic 
chosen. 


Phase | Format 


The proposer must persuade reviewers of his /her awareness 
of key recent research by others in the specific topic or 
sub-topic areas such as in a concise bibliography. 

10. Key Personnel and Bibliography of Directly Related 
Work—lIdentify key senior personnel involved in Phase I 
research including directly related education. experience and 
bibliographic information. List relevant publications by key 


|. Cover Sheet—Please photocopy and complete the 
torm in Appendix A as page | of each copy of each proposal. 
2. Abstract or Summary—Submit a one-page summary 
of the project as page 2. Photocopy and use Appendix B. 
Include a brief identification of the problem or opportunity, 


research objectives, description of the research, anticipaied 
results, implications and potential applications of the research. 
Limit to 22 pica or 18 elite typewritten lines for SSTE (Smith- 
sonian Science Information Exchange) publication if award 
is made. 


3. Identification and Significance of the Problems or Op- 
portunity— Make a clear statement of the specific research 
problem or opportunity addressed and its importance. {Begin 
on page 3.) 

4. Background, Technical Approach and Anticipated Bene- 
fits (Phases | and I) 

a. Indicate the overall background and technical approach 
to the problem or opportunity and the part that the pro- 
posed research plays in providing needed results. 

b. State the anticipated results of the approach if the 
research is successful including: (1) the technical, economic, 
social and other benefits to the Nation and to users of the 
results such as private industry, public decisionmakers, or 
other research: (2) the estimated total cost of the approach 
relative to benefits, including estimating the Phase If re- 
search costs: and (3) any specific policy issues or decisions 
which might be affected by the results. 

c. Indicate any significant non-research problems 
related to the proposed approach. 

5. Phase I Research Objectives— Enumerate the specific 
objectives of the Phase I research, including the questions it 
will try to answer. 

6. Phase I Research Plan—This section must provide a 
detailed description of the Phase I research approach. The 
plan should indicate not only what is planned but how the 
research will be carried out. Phase | research should attempt 
to determine the technical feasibility of the proposed re- 
search. The research plans should be linked with the objec- 
tives and the questions the Phase I research effort is designed 
to answer. The methods planned to achieve each objective or 
task should be discussed in detail. This section should be 
approximately one-third of the total proposal (6-8 pages. ) 

7. Facilities— The conduct of advanced research usually 
requires the use of sophisticated instrumentation. A detailed 
description of necessary instrumentation and physical facili- 
lies to carry out Phase | should be provided. 

%. Consultants—Involvement of university or other consul- 
tants in the planning and/or research stages of the project ts 
encouraged. If such involvement is intended, it should be 
described in detail. 


Y. Related Research—Describe significant research 
directly related to the proposed effort, including any con- 
ducted by the principal investigator, by the proposing firm, 
consultants, or others, how it interfaces with the proposed 
research, and any planned coordination with outside sources. 


personnel. A vitae of the principle investigator, including 
any publications, should be included. 


11. Current and Pending Support—Indicate all current 
and pending support relating to the proposed grant period 
to which the principal investigator and other senior profes- 
sional personnel have committed a portion of their time. 
The percentage of time committed to other research during 
the phase I period must be listed. 

2. Pre-existing Relevant Patesits and Inventions—Indicaie 
whether the proposed work directly relates to or is domi- 
nated by any pre-existing patents or patent applications 
owned or controtled by the proposing organization or affili- 
ated firms or others. 

13. Potential Commercial Applications and Follow-on Fund- 
ing Commitment— Briefly describe (a) whether the proposed 
research also appears to have potential commercial applica- 
tion and (b) whether you plan to obtain a follow-on funding 
computment to accompany or follow the Phase II proposal. 

i4. Budget—The budget format in Appendix — must be 


completed for the Phase I effort only. 


Other information 


© Title—The title of the proposal and the abstract or 
summary should be brief, technically valid, intelligible to 
the non-scientist, and suitable for use in the public press. 
NSF may edit the title of the project before making an 
award. 

© University Consultants—Proposers are encouraged to 
use academic scientists or engineers as collaborators or 
consultants in the development of the proposal and on the 
proposed project, if appropriate. This may prove particul- 
arly helpful to small firms which have not previously re- 
ceived Federal research awards. It also can strengthen the 
capabilities of the firm on the proposed topic. 

© Curriculum Vitae—Proposers are encouraged not to 
include numerous curriculum vitae, resumes, or bibliographies 
in the 20-page proposal. The largest section of the proposal 
should be devoted to the research plan. Where curriculum 
vilae are extensive, listing of the relevant experience and 
publications of the principal scientists or engineers for the 
proposed project is sufficient. The vitae of the principal in- 
vestigator is required (See Section 10). 

¢ Sample Proposal—A quality sample proposal ts pro- 
vided in Appendix E. The sample proposal is not intended 
for discussion of its technical or other content, but ts pro- 
vided solely for the purpose of guidance in format and style 
of proposal preparation for this solicitation. It ts particul- 
arly intended to assist firms which raay not have previously 
submitted successful research proposals to the Government. 


* Bindings— Please do not use special bindings or covers. 
Staple the pages in the upper hand corner of the cover sheet 
of each proposal. 


¢ Packaging—Al! !0 copies of a proposal should be sent 
in the same package. 


¢ Publications—Copies of reference articles from 
scientific or technological publications frequently can be 
obtained from the two libraries shown below for nominal fees, 
in addition to public or university libraries and Federal 
agency documentation or information centers. 


Linda Hall Library John Crerar Library 
5109 Cherry Street 35 West 33rd Street 
Kansas City. MO 64119 Chicago, IL 60616 
Tel. (816) 363-4600 Tel. (312) 225-2526 


TWX 910-221-5131 


NTIS documents can be obtained from: 


National Technical Information Service 
5285 Port Royal Road 

Springfield, VA 22161 

Tel. (703) 487-4600 

Telecopier or 3M facsimile (703) 321-8199 


NRC/NAS documents can be obtained from: 


National Academy of Sciences 
2101 Constitution Avenue 
Washington, D.C. 20418 
Tel. (202) 393-8100 


NSF reports can be obtained from: 


NSF Information Resources, Rm. 419 
National Science Foundation 
Washington, D.C. 20550 

Tel. (202) 357-7484 


Copies of scientific and technical articles, reports and/or 
bibliographics can also be obtained from appropriate Fed- 
eral agencies such as: 

Defense Technical Information Center 
Cameron Station 

Alexandria, VA 22314 

Tei. (800) 336-5013 


Technology Transfer Division 

NASA P.O. Box 8757 
Baitimore/Washington International Airport 
Baltimore, MD 21240 


Department of Energy 
Technical Information Center 
P.O. Box 62 

Oak Ridge, TN 37830 


METHOD OF SELECTION 


Phase | proposals will be judged on a competitive basis in 
a two-stage process. All will be screened initially by Founda- 
tion staff to ensure that they meet stated solicitation require- 
ments. Proposals passing this initial screen will then be 
evaluated by scientists or engineers knowledgeable in the 
topic area. Proposals will be judged principally on their 
scientific and technical merit and receive an overall rating 
based upon evaluation against Phase I criteria. 

Final decisions will be made by the Foundation based 
upon the above ratings, and consideration of other factors, 
including the potential commercial application and follow- 
on funding plan, possible duplication of other research, and 
program balance. No prescribed amount of funding has 
been set-aside for any specific topic or category. 


Care will be taken to avoid conflicts of interest, and 
evaluations will be confidential to the NSF and the pro- 
posed principal investigator. There is no commitment by 
NSF to the making of an award on any topic or to the 
making of a specific number of awards. 


Phase II proposals will be subject to the standard NSF 
external peer review process. Proposals will be judged against 
Phase II criteria on a competitive basis. Final decisions will 
be made by the Foundation based upon the scientific and 
technical evaluations and other factors including the com- 
mitment for follow-on funding, the possible duplication of 
other research, program balance, and budget limitations. 


EVALUATION CRITERIA 


Phase | 


The Foundation plans to select for award those proposals 
offering the best value to the Government with approxi- 
mately equal consideration given to each of the following 
criteria, except for number 3 which will receive twice the value 
of any of the other items: 


|. Importance of the problem or opportunity and antici- 


pated benefits of the proposed research (Phase | and Phase I), 
if successful. 


2. Adequacy of the Phase I objectives to show incremental 
progress toward proving the feasibility of approach. 


3. The scientific/technical quality of the Phase I research 
plan and its relevance to the stated objectives, with special 
emphasis on its innovativeness and originality 


4. Qualifications of the principal investigator, other key 
staff, and consultants and the probable adequacy of avail- 
able or obtainable instrumentation and facilities. 

Technical reviewers will base their conclusions on infor- 
mation contained in the proposal. It cannot be assumed that 
reviewers are acquainted with any experiments referred to, 
kev individuals, or the firm. 

In the case of proposals of approximately equal technical 
merit, as determined by the review process, proposals describ- 
ing potential commercial applications and an intent to obtain a 
follow-on funding commitment will receive extra considera- 
tion in the final award decision. Also, where proposals are 
otherwise of approximately equal merit, proposals known 
to have been received from a minority owned and operated 
or a Woman owned and operated business will receive an 
extra point of merit. 

After final decisions have been announced, reviews of the 
proposal automatically will be sent to the proposal principal 
investigator but the reviews will not include the identities of 


reviewers. 
Phase Il 


A Phase II proposal can be submitted only by Phase I 
award winners. The Phase II proposal and Phase | report 


will be reviewed for overall merit based upon the following 
criteria relevant (o Phase Il awards with each item receiving 
approximately equal weight, except for item four, which will 
receive twice the value of any of the other items: 

1. Degree to which the phase I objectives were met. (Phase I 
Report) 

2. The technical, economic, and/or social importance of 
the problem or opportunity. 

3. The adequacy of the phase II objectives to meet the 
problem or opportunity. 

4. The scientific quality of the proposed research, with 
special emphasis on its innovativeness and originality. 

5. The qualifications of the principal and other key per- 
sonnel to carry out the proposed work. 

6. Reasonableness of the budget requested for the work 
proposed. 

In the case of proposals of approximately equal ‘echnical 
merit, the provision of a follow-on funding commitment for 
continued developmeni will be an important consideration. 
The value of the commitment will be dependent on the 
degree of commitment made by third-party investors with 
the maximum value resulting from a signed agreement with 
reasonable terms for an amount at least equal to the funding 
requested from NSF tn Phase II. 


AWARDS 


In 1981 NSF made 85 Phase I awards of up to $30,000 
each. A similar number is anticipated in 1982 depending 
upon availability of funds. Awards will be made approxi- 
mately October |, 1982, for the six (6)-month period of 
October 15, 1982, to April 14, 1983. 

A different time frame may be requested for Phase I pro- 
posals in topics where biological constraints are a feature of 
the research. The justification must be clearly stated in the 
proposal. The schedule for Phase Ii will be adjusted accor- 
dingly. 

Phase Il awards are planned in October 1983. The fund- 
ing and period of performance in Phase will depend upon 
the scope of the research but cannot exceed 24 months of 


support for up to a 3 professional person level of effort 
annually. 

Prior to any award, the Foundation will request certain 
organizational, management, and financial information for 
administrative purposes to assure that the zpplicent adheres 
to certain business and financial standards. This 1iforma- 
tion should be returned to the NSF Division of Grants and 
Contracts as expeditiously as possible. 

Phase | payments will be made as follows: one-third at 
time of award, one-third three months after award, and the 
remainder upon acceptance of the final report by NSF. 
Phase Il payments will be made on a cost-reimbursable 
basis. 


REPORT 


Twenty-five copies of a comprehensive single final report 
on the Phase I project must be submitted to the assigned 
NSE Program Manager by April 15, 1983. The final report 
shall include a single-page project summary as the first page 
(use form Appendix D) identifying the purpose of the re- 
search, a brief description of the research carried out, the 
research findings or results, and potential applications of 
the research tn a final paragraph. The balance of the report 
should indicate in detail the research objectives, research 
work carried out, results obtained, and estimates of techni- 
cal feasibility. 

All reports must carry an acknowledgement statement on 
the cover page such as “This material is based upon work 
supported by the National Science Foundation under award 
number . Any opinions, findings, 


and conclusions or recommendations expressed in this pub- 
lication are those of the author(s) and do not necessarily 
reflect the views of the National Science Foundation.” The 
last sentence may be deleted from any articles published in 
scientific journals. 

In addition two copies of the project summary only (Appen- 
dix D) also must be sent separately to: 


National Science Foundation 
Division of Grants and Contracts 
Award Accountability Branch 
1800 G Street, N.W. 
Washington, D.C. 20550 


Both the project summary sheet and the final report may 
be sent to NTIS by NSF. 


FOLLOW-ON FUNDING COMMITMENT 


This solicitation is designed, in part, to provide incentives 
for the conversion of Federally sponsored research to techno- 
logical innovation in the private sector. The Federal research 
can serve as both a technical and pre-venture capital base for 
ideas which may have commercial potential. Proposers are 
asked to consider whether the research they are proposing to 
NSF also has commercial possibilities either for the proposed 
application or as a base for other applications. If it appears to 
have such potential, proposers are encouraged, on an optional 
basis, to obtain a contingent commitment for private follow- 
on funding to pursue further development of the commer- 
cial potential after the Government funded research phases. 
Government funding pays for research on Federal objec- 
tives (Phases I and II), private funding pays for commercial 
objective efforts (Phase II1). 

The commitment for follow-on venture capital or other 
funding must be obtained from a third party of the proposer’s 
choice. It is understood that the commitment will be contin- 
gent upon the research achieving certain technical objectives 
mutually agreed upon between the small business and the 
provider of the follow-on capital. A few clearly defined and 
measurable objectives should be stated in the commitment 
agreement ac the threshold level that would justify private 
investment if those technical objectives were achieved in Phase 
I. The objectives do not have to be the same as those stated 
in the proposal, but they must be able to be accomplished 
within the scope of the proposed Government-funded re- 
search. 


Proposers in Phase | should briefly describe any potential 
commercial application and whether they plan to secure follow-on 
private funding from a third party to pursue continuing 
development toward commercial objectives. In order to be 
assured of an extra point-of-merit in the review process, a 
signed contingent commitment between the small business 
und a third party of its own choice ts requested following 
submission of the Phase I proposal which must be received 
by NSF no later than July 15, 1983. Both the statement of 
potential commercial application and the commitment ire 
optional but will receive extra consideration as points of 
merit in the evaluation process when other factors are of 
reasonably equal merit. The maximum value (in Phase Il 
evaluation) will be given for a signed formal agreement with 
reasonable terms and funding equal to or in excess of the 
Federal investment in Phase I]. 


The commitment may be in the form of venture capital, a 
package including venture capital, contract R&D, joint ven- 
ture, an R&D limited partnership, or other agreement with 
a third party. No amortization, repayment or repurchase of 
commitment funds may be included during the Phase III 
period of performance. 

Phase III funding also may be advanced and invested 
during Phase II to accelerate the research and develop:nent 
process. 


Source of Funding 


The commitment agreement may be from a financial 
institution, such as a venture capital firm or a Small Busi- 
ness Investment Company (SBIC), if the small firm wishes 
to pursue commercialization of any resulting product itself. 
An alternative option is for the small business to obtain a 
commitment from a manufacturer already in the field. This 
coupling would utilize the small firm for the innovative 
R&D phase, and, through licensing or technology acquisi- 
tion by the larger firm, the know-how and capabilities of the 
larger firm for production, marketing, and continuing fi- 
nancing in return for Phase III funding and a royalty agree- 
ment. This coupling to a larger firm already in the field may 
b: one of the fastest, most capital-efficient, and lowest risk 
ways to bring new innovative technology to the marketplace. 


Objectives of Follow-on Funding 


The use of the third party has a number of objectives. 
These include (1) providing a more objective opinion of the 
market potential of the research and technology because the 
third party must consider a substantial potential investment 
and (2) creating strong incentives for private investment in 
R&D in technological innovation and in small science- or 
technology-based business. Each can be facilitated through 
the government front-end funding of the highest risk area 
(research) which, if successful, should lower the risk for 
follow-on private investors to pursue possible commercial- 
ization. 

Most important, the approach provides a number of incen- 
lives for small science and technology firms, and possibly 
for venture capital firms and large manufacturers interested 
in investment and technology acquisition as well. It encour- 
ages further development of NSF research, the obtaining 
and investing of venture capital contract, or equivalent 
funding, and the coupling of Federally supported research 
to the needs of U.S. small and large industry. Where success- 
ful, the approach will increase the economic and social benefits 
to the nation from Federal R&D. 


The Commitment 


The Phase II follow-on funding commitment is due within 90 
days following the end of Phase I period of performance. It 
should be submitted to the Program Manager, Small Busi- 
ness Innovation Research, Room 1250, NSF, Washington, 
D.C. 20550. This is to provide time for discussion with 
potential investors during phase | and actual negotiation 
following the availability of the Phase I final report which 
can provide a better assessment of the technical feasibility of 
the concept. The commitment agreement should state, on a 
contingent basis, that the investor will provide venture capt- 
tal or other funding for follow-on development of the area 
immediately following the NSF-funded Phase II so that the 


innovation process can continue without interruption toward 
commercialization. 

The agreement should set forth that the specific amount of 
Phase III funds will be made available to the small firm 
contractor and indicate the dates the funds will be made 


available. It should also contain a few specific technical objec- 
tives which, if achieved in Phase II, will make the commit- 
ment exercisable by the small business. The terms cannot be 
contingent upon the obtaining of a patent due to the length 
of time this process requires. 


INVENTIONS AND PATENTS 


Small business firms normally may retain the principal 
worldwide patent rights to any invention made with NSF 
support. NSF receives a royalty-free license for Federal Gov- 
ernment use. reserves the right to require the patentholder to 
license others in certain circumstances, and requires that 
anyone exclusively licensed to sell the invention in the United 
Staies must normally manufacture it domestically. To the 


extent authorized by 35 U.S.C. 205, NSF will not make 
public any information disclosing an NSF-supporied inven- 
tion until the grantee has had a reasonable time to file an 
initial patent application. Additional informatio:, may be 
obtained from the Office of the General Counsel, Room 
501, NSF. 


PROPRIETARY INFORMATION, COPYRIGHTS, AND SOFTWARE 


Proprietary Information 


Information contained in unsuccessful proposals will remain 
the property of the proposer, but the Foundation will retain 
file copies of all proposals. Any proposals which is funded 
will be considered an integral part of the award and will 
normally be made available to the public upon request. 

The inclusion of proprietary information is discouraged 
unless ti is necessary for the proper evaluation of the pro- 
posal. The proprietary information included should be limited, 
set-off on a separate page and keyed to the text by numbers. It 
should be confined to a few critical technical items which, if 
disclosed, could jeopardize the obtaining of foreign or dom- 
estic patents. Trade secrets, salaries or other information 
which could jeopardize commercial competitiveness should 
be similarily keyed and set-off on a separate page. Proposals 
(and reports) must continue to be highly readible and clearly 
keyed to any proprietary information. Proposals or reports 
which set-off any large amount of information may be found 
unacceptable by NSF. 

Proprietary information submitted to NSF will be treated in 
confidence, to the extent permitted by law, if set-off on a sepa- 
rate page and marked with a legend similar to the following: 


“Following is proprietary (specify) information which 
(name of proposing organization) requests not be 
released to persons outside the Government, except 
for purposes of evaluation.” 


Any other legend may be unacceptable to the Foundation and 
may constitute ground for return of the proposal without 
further consideration. Without assuming any liability for inadver- 


tent discloser, NSF will limit dissemination of such informa- 
tion to its employees and, where necessary for the evaluation of 
the proposal, to outside reviewers. 

Since technical reports by the principal investigator or proj- 
ect director will be made available to the public, such reports 
shall not contain any restrictive language purporting to limit 
their use other than that set-off on a proprietary page. How- 
ever, NSF normally will honor a request to delay release of the 
report for six months, or longer if reasonable, so that the 
proposer may seek patent protection or follow-on funding 
where appropriate. 


Copyrights and Publications 


The grantee normally may copyright and publish any mate- 
rial developed with NSF support. NSF receives a royalty-free 
license for the Federal Government and requires that each 
publication contain the Acknowledgement and Disclaimer 
paragraph set out in the REPORT section. 


Software 


Data banks and software produced with NSF support 
and useful to others normally must be made available to 
users, at no cost to the grantee, by publication or, on request, 
by duplication or loan for reproduction. However, NSF 
may waive or modify this requirement if the grantee shows 
that requiring public availability would be unfair or would 
inhibit the development and commercialization of the soft- 
ware. The investigator who produced the data or software 
has the first right of publication. 


ESTIMATED COSTS AND BUDGETS 


Phase | estimates must be shown in detail in the format 
shown in Appendix C. Total NSF funding will not exceed 
$30,000 (including fee) for Phase 1. An awardee may not 
expend funds for any costs associated with the project before the 


effective data designated in the award document signed Ly 
the NSF Grants Officer. 

No consultant shall be reimbursed as a direct cost for 
awards made under this solicitation at a rate which exceeds 


the equivalent of the maximum rate paid a U.S. Govern- 
ment GS-18 employee (exclusive of travel, indirect costs, 
clerical services, vacation, fringe benefits, and supplies when 
consultants are from an organization with existing overhead 
rates.) As of January |, 1982 the rate was $220 per day. 
Consulting rates must be shown in the budget. and any 
consultant travel shown under the travel category. 


Reasonable fees (estimated profit) will be considered under 
both phases of the solicitation. | or guidance purposes, when 
a fee has been requested in previous years, the amount of the 


fee approved by NSF normally has not exceeded 7 percent 
of total project costs negotiated. 


Equipment and Travel 

Equipment and foreign travel cannot be included in the 
Phase | budget, but may be included as necessary in Phase II. 
The inclusion of either will be carefully reviewed relative to 
need and appropriateness for the research proposed. Equip- 
ment is defined as an article of non-expendable, tangible 
personal property, having a useful life of more than two 
years and an acquisition cost of $500 or more per unit. 


LIMITATIONS 


Restriction to Small Business _ id Definition 


\ small business must meet the following criteria to be 
eligible under this solicitation and certify to this on the 
Cover Sheet (Appendix A). See page 3 for definition. 

The principal investigator's primary employment also must 
be with the small business concern prior to an award being 
made and during the period of the award. That is, more than 
one-half of the principal investigator's income (from employ- 
ment) must be from the small business firm at the time of 


award 
Proposai 


The Phase | proposal is limited to 20 regular-size type (no 
smaller than elite) single- or double-spaced standard 8'2" x 
11° pages, including the cover, abstract, and budget pages. 
No attachments or additional information will be allowed in 
the interest of equitable treatment for all. 

A proposal must be limited to one topic; however. an 
organization may submit proposals on diiferent approaches 


or Lopies 
Compliance with Civil Rights Act of 1964 
Prior to any award, the applicant will have to execute the 


Assurance of Compliance with the Civil Rights Act of 1964 
form 


Information on Applicant's Current 
Research Commitments 


Each proposal must list all research, in addition to the 
proposed project, to which the principal investigator(s), and 
other senior research personnel have committed a portion of 
their time for the October 15, 1982—April 14, 1983 period of 
performance, whether or not salary for the person involved 
is included in the budgets of the various projects. This 
information should include the titles and dates of current 
grants or contracts, the source of funds, annual budget 
levels, and the person-months devoted to each project by 
each of the senior personnel. The proposal must also pro- 
vide analogous information for all other proposed research 
which is being considered by, or which will be submitted in 
the near future to, other possible sponsors including other 
Foundation programs. 


Contact with NSF 


Contact with NSF relative to this solicitation during Phase | 
proposal preparation period is restricted for reasons of competi- 
tive fairness. Contact with the assigned NSF program man- 
ager following award is encouraged. 


MAILING INFORMATION 


Proposal Submission 
Proposals (10 copies) should be addressed to: 


Data Support Services 

National Scrence Foundation 
18OO Gs Street. N.W.. Room 223 
Washington, D.C. 20550 

ATTN: SBIR 


Secure packaging ts mandatory. The Foundation cannot 
be responsible for the processing of proposals damaged in 
transit 

Do not send separate “information” copies or several 
packages containing parts of a single proposal. 

One copy must be signed as an original by the principal 
investigator and the corporate official. Other copies may be 
photocopied 
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If an acknowledgment card with the proposal number 
endorsed upon it is not received from NSF within 4 weeks 
following the closing date, the proposer should telephone 
the Data Support Services promptly at 202/357-7853. 


Deadline for Proposals 


Deadline for receipt (10 copies) at the National Science 
Foundation is 5:00 p.m., EST, April 16, 1982. NSF assumes no 
responsibility for evaluating proposals received after the stated 
deadline or that do not adhere to other requirements of this 
solicitation. 

Proposers are cautioned to be careful of unforeseen delays 
which can cause late arrival of proposals at the Foundation, 
with the result that they may not be included in the evaluation 
procedures. Evaluation and processing will require approxi- 
mately 6 months for compietion and no information on pro- 


posal status will be available until formal notification is made 


approximately October 1, 1982. 


All correspondence relating to proposals should cite the 


specific proposal number and be addressed to: 
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National Science Foundation 
1800 G St... N.W., Room 1250 
Washington, D.C. 20550 
ATTN: SBIR 


RESEARCH TOPIC DESCRIPTIONS 


1. MATERIALS RESEARCH 


This topic covers a wide-range of interest in advanced 
materials research. One area of interest is the conservation 
of materials by substitution. This can be achieved by partial 
and complete substitution of non-critical materials for 
critical materials. Recent emergence of a variety of new 
classes of high technology materials and their utilization in 
novel applications encourages new concepts to conserve 
material, labor, and energy. Since materials and their ulti- 
mate uses vary greatly, only a few examples are cited to illu- 
strate the relevance of research to emerging materials needs. 
Excluded from this topic is research on cement, concrete, 
wood, coal, and waste materials. Proposals are solicited in 
but not limited to the following subtopics: 


a. Materials of High Import Dependence 


e New Alloys—Research on chromium-free and low 
chromium stainless steels, including surface modification 
techniques using ion implantation, laser glazing, etc. to 
produce corrosion /erosion resistant alloys. Increased use of 
boron and other domestically available additives to alloy 
steels to replace substantial quantities of manganese, chro- 
mium, nickel, and other hardening alloy agents. New corro- 
sion resistant silver-free brazing alloys. New magnetic mate- 
rials to replace rare earth-cobalt and ALNICO magnets. 

¢ Ceramics and Polymers—Research on high-tempera- 
ture structural ceramics to replace alloys containing chro- 
mium, cobalt, and nickel. Use of magnesia-alumina and 
magnesia-silica materials as replacements for chromite re- 
fractories. Replacement of cobalt as the binder material in 
cemented carbide cutting and drilling tools. Formulation of 
composites and plastics to replace alloys containing strategic 
elements. 

¢ Special Research Needs—Substitutes for manganese 
in the deoxidation and desulfurization of iron and steel. 
Substitutes for nickel, zinc, and lead in batteries. Non- 
platinum catalytic materials. Recycling of materials which 
contain strategic and critical elements. 


b. Rapidly Quenched Metals— Research is needed on rap- 
idly quenched metals produced by “splat cooling,” vacuum 
evaporation, “sputtering,” and chemical decomposition. 
Studies may emphasize processing techniques and alloy 
compositions aimed at improving physical, mechanical, chem- 
ical, magnetic, and electronic properties. 


c. Materials for High Technology Applications—F uture 
developments in communication and other electronic tech- 
nologies will require new materials and devices. Research 
is solicited in materials and processing techniques, aimed 
at ultimate use in fabrication of devices. Suggested applica- 
tions include but are not limited to: 
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¢ Memory—Bubble memory films. 

¢ Semiconductors—Semiconducting plastics and or- 
ganic materials, amorphous semiconductors. 

¢ Superconducting Materials—Optical dielectric ma- 
terials; laser materials, photochromic and electrochromic 
materials. 

¢ Thin Films—Compound semiconductors, oxides, 
metals, organic materials. 

¢ Processes—Improved surface and bulk property 
modifications, crystal growth, thin film deposition, proc- 
esses for improved chemical, mechanical, electrical, optical, 
and magnetic properties. 

© Conducting materials—Non-metals, e.g., polymers, 
intercalated graphite. 


References 
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2. “The National Materials and Minerals Policy, Research and 
Development Act of 1980,°H. R. 2743; signed by President 
Carter on Oct. 21, 1980. 

3. “Opportunities in Applied Materials Research,” Materials 
and Man's Needs, Vol. Il, National Academy of Sciences. 
Washington, 1975. 

4. Materials: Renewable and Nonrenewable Resources, P. H. 
Abelson and A. D. Hammond, eds., American Association for 
the Advancement of Science, Washington, 1975. 

5. “Advanced Technology Issue,” Science 208, No. 4446 (May 23, 
1980). 

6. Rapidly Quenched Metals, N. J. Grant, ed., MIT, 1976: 543 pp. 


2. ALTERNATIVE BIOLOGICAL RESOURCES 


Dramatic increases in the price of petroleum have led to 
corresponding increases in the prices of materials derived 
from it. Among the critical materials so affected are syn- 
thetic organic chemicals, polymers, and industrial chemical 
intermediates. Natural gas and coal also exhibit similar 
price patterns. Most importantly, the supply of all such 
fossil resources will ultimately be depleted. 

An alternative to fossil resources as raw materials for 
chemical needs is biomass derived from plants and micro- 
organisms. One such possibility is the conversion of lig- 
nocellulosic biomass, the constituents of which are lignin, 
cellulose, and hemicellulose, into chemical feedstocks. Other 
approaches are: the use of indigenous underutilized plants 
(such as guayule for the production of natural rubber); and 
the exploitation of plant tissue culture and microbial sys- 
tems for the production of chemicals and materials. 

In particular, NSF seeks to take advantage of recent ad- 
vances in basic and applied biology to alleviate the ever 


increasing demand on petroleum and other fossil resources 
us feedstocks for industrial chemicals and materiais. Speci- 
fically, the following areas of research are of interest: 


a. Conversions of Lignocellusose— Research on chemical 
and biological (enzymatic or microbial) processes for trans- 
forming lignocellulose, e.g., wood or agricultural crops and 
residues, or their individual constituents to industrially use- 
ful chemicals, intermediates, and polymeric materials. Liquid 
and gaseous hydrocarbon fuels are excluded. Conventional 
fermentation technology for producing ethanol (gasohol) is 
also excluded. Research in effective separation and handling 
processes for solid biomass materials into their constituent 
components ts included. 


b. Genetic Technology—Applications of recombinant 
DNA technology are encouraged to improve the productivity 
of microbial and plant systems required in this topic. 


c. Plant Tissue Culture—The use of plant tissue culture as 
a source of valuable chemicals with interesting biological 
activity. Studies to advance the art of regeneration of whole 
plants from cells in protoplasts are included. 


d. Biosaline Resources—A large unexplored reservoir of 
biological resources, which could be utilized to produce use- 
ful chemicals, exists in saline environments. Many micro- 
organisms and plants are able not only to survive in saline 
environments but actually to thrive in them. 


e. Arid Land Plants— Production, isolation, characteriza- 
tion, and utilization of polymers and other chemicals from 
arid land plants that can be cultivated in the U.S. without 
displacement of existing agricultural productivity, such as 
the production of natural rubber from guayule or liquid wax 
from jojoba. Also included is the identification of additional 
plants as sources of useful chemicals. 


References 


|. Renewable Resources for Industrial Materials, National Acad- 
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257357). 

2. Underexploited Tropical Plants with Promising Economic Value, 
Panel Report, Commission on International Relations (JH215), 
National Academy of Sciences, Washington, 1975. 

3. Conference on Chemical Feedstock Alternatives, sponsored by 
NSF and AlCh.E, Houston, Tex., October 2-5, 1977, Ameri- 
can Institute of Chemical Engineers, New York, 1978. 

4. International Workshop on Biosaline Research: Summary Re- 
port, sponsored by NSF and Kuwait Institute for Scientific 
Research, September 15-18, 1977, A. San Pietro, ed., Indiana 
University, 1977. 

5. Principles of Gene Manipulation: An Introduction to Genetic 
Engineering, R. W. Old and S. B. Primrose, University of 
California Press, 1980. 


3. MARINE AND FRESHWATER RESOURCES 


Covering three-quarters of the earth’s surface, the world 
ocean is a vast, largely untapped resource base for a rapidly 
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expanding world population. This topic addresses the applied 
research needs in understanding and wise use of its many re- 
sources. Research required for new measurement capabili- 
ties for oceanographic use may be proposed under Topic 5. 
The following subtopics are suggested: 


a. Seabed Minerals— Manganese nodules are a mineral 
resource of large economic potential, and many basic ques- 
tions remain on their metallogenesis and distribution on 
the ocean floor. Closer to shore, heavy metal placers and 
sedimentary phosphates offer important mineral resources, 
but little is understood about the environmental damage 
to be expected from mining. Mineral lodes in the basement 
rock of the oceanic crust form by complex processes at 
plate boundaries marked by midocean ridges, island arcs, 
and subduction zones. Scientific knowledge of these proc- 
esses would not only aid the exploration for ore beneath 
the seas, but also help understand the formation of certain 
classes of continental deep deposits. 

New technology is needed for the exploration, resource 
assessment, and mining engineering of these mineral re- 
sources on and beneath the seabed. In addition, tnforma- 
tion is needed on the short-term and long-term impacts of 
mining for hard minerals on the deep sea environment. 


b. Advanced Aquatic Farming—Research is needed for 
improved technology in the cultivation and harvesting of 
certain marine, estuarine, and freshwater shellfish, finfish, 
seaweeds, and other aquatic plants that have a demonstrated 
potential but for which there is inadequate scientific and 
technical data. Proposals dealing with the production and 
converting of seaweeds into chemicals should be submitted 
under Topic 2. 

NSF will support advanced applied research on shell- 
fish, finfish, and seaweeds with emphasis on, but not limited 
to the following: 

¢ Factors affecting nutrition and diets: the nutritional 
requirements are unknown for many species being cultured; 
there is need for study of the formulation of acceptable 
artificial feeds. 

¢ Genetic improvements: selective breeding on certain 
strains are needed to encourage rapid growth on economical 
diets and to resist diseases, so as to lead to more desirable 
and marketable products. 

¢ Disease and parasite control: little is known about 
health and disease of feral species; for culture enhancement 
purposes of non-hatchery forms background research 1s 
needed, keeping in mind that disease is a consequence of a 
stressed environment; also needed are improvements in 
therapeutic treatment, especially for viral and protozoan 
diseases. For this solicitation, this particular area will be 
considere 1 non-clinical research. 

e¢ Agu culture for pollution control and waste uttliza- 
tion: the biological systems approach and polyculture meth- 
ods are needed for waste removal, nutrient reclamation, and 
water reconditioning, including advanced instruments to 
detect pollutants. 

¢ Innovative enhancement of rare and endangered 
species: culture of endangered species to study biological 


characteristics, provide insight for protection of human and 
other life forms against the environment; and assist in under- 
standing evolutionary processes 


c. Marine Forecasting— Research is needed for improved 
forecasting of sea, swell, and water quality (temperature, 
pollution). The data are for use in local, short-term fore- 
casts for shipping, recreational boating, surfing, and swim- 
ming. In addition, forecasts of temperature/frontal condi- 
tions are an important service to commercial fishing. 
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4. MINERAL RESOURCES 


Mineral exploration in the United States over the last 200 
years has identified virtually all significant ore bodies at or 
near the surface of the continental crust and a few minerai 
deposits on the continental shelves. Remaining ore bodies 
are more deeply buried within the continental crust and 
under water and sediment on continental shelves. These 
more deeply buried deposits exhibit far less obvious geo- 
chemical and geophysical signatures or anomalies than 
those already discovered. Thus, an increasing supply of new 
and innovative exploration concepts and techniques is re- 
quired. 

Speciiically, NSF is interested in research on advanced 
technology that will enhance capabilities for mineral ex- 
ploration either on land or at sea. Research on mineral 
beneficiation, and smelting and on resource recovery from 
wastes will not be considered under this topic. 


a. Mining Geophysics & Geochemistry— Proposals are 
solicited for applied research on innovative geophysical and 
geochemical methods of mineral exploration and mining 
property assessment, such as: 

© Electrical, magnetic,and other geophysical prospecting 
techniques, including borehole logging as well as surface 
array methods. 
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e Trace element, biogeological, and other geochemical 
prospecting techniques; elemental and other compositional 
analysis for rapid assay for cores and for boreh- le measure- 
ments. 

© Geological prospecting techniques. 

¢ Computer modeling, data analysis, and experimental 
studies as related to understanding the various processes of 
ore formation. 


b. New or Substitute Sources of Ore—Res arch at the 
interface of mineralogy, petrology, geochemistry, and ex- 
tractive metallurgy may be able to open up new sources of 
critical commodities, e.g., chromium from latites and alu- 
minum from feldspar and kaolin deposits. 


c. Solution Mining—Proposals are also solicited for ap- 
plied research in innovative approaches to deep mining by in 
situ leaching such as: 

¢ Development of permeability in ore bodies (includ- 
ing rock fracture mechanisms and explosives technology). 

¢ Mineral leaching methods and control strategies. 

¢ Geophvsical monitoring of in situ leaching proc- 
esses and conditions. 

Because of related chemical and fluid flow phenomena, 
proposals on underground disposal of chemical wastes may 
be submitted under this subtopic. 
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5. SCIENTIFIC AND INDUSTRIAL 
MEASUREMENTS 


The history of science and industrial progress is replete 
with examples where scientific advances opened up new 
possibilities for measurement, which then contributed to 
science and industry. Often the concept for a new measure- 
ment technique was the result of a user's need to solve a 
particular problem and the availability of new scientific 
knowledge which then made the measurement possible. 

NSF is interested in supporting advanced applied research 
that will explore new scientific concepts or approaches to 
measurement, particularly those which pursue applications 
which are an outgrowth of fundamental research. Support 
will be confined to high risk, advanced applied research 


which may be carried through a laboratory prototype experi- 
ment, as necessary. The research would be a prerequisite 
to the development of new measurement capabilities for sci- 
entific and industrial use. 

Proposals should concentrate on: 

¢ The possibility of measuring important problems or 
parameters not currently measurable; or 

e Areas where major improvements (not incremental) 
can be made in sensitivity or cost by using new scientific 
principles or techniques. 


Proposals that are mainly product development, i.e., the 
original research component is minimal and the problem is 
essentially one of design or packaging into a new format, or 
testing some product for commericalization will not be 
funded. Examples of possible areas to be supported are: 


a. Improved Transient Measurements— Picosecond laser 
research in chemistry and biology has demonstrated that 
observation of extremely rapid phenomena is possible. 
Luser initiated and controlled chemical and biochemical 
processes is One promising area of application. 


b. Three Dimensional Measurements, Visualizations and 
Microscopy—It is increasingly important to make 3-D 
measurements, for instance for nondestructive evaluations, 
and data processing is used to visualize the outputs. Examples 
are CAT scan analysis, nuclear magnetic resonance imaging, 
the nondestructive examination of multilayer microelec- 
tronic devices using electron-acoustic microscopy, and the 
use of ion microscopy for the microanalytical characteriza- 
tion of materials. 


c. X-ray and Electron Beam Lithography—Rapid advances 
in the development of x-ray, ion, and electron beam instru- 
ments now can be exploited for the fabrication and measure- 
ment of submicron size structure, e.g., high speed, high 
density electronic devices. Research in new resist materials, 
new microfabrication techniques, and new diagnostic tech- 
niques is needed to exploit these advances. (This research 
may be submitted here or under Topic 6.) 


d. Superconductive Measurement Devices— Highly sensi- 
tive measurements of various force fields, such as magnetic 
and gravitation fields are of interest, e.g., research on multi- 
axis gravity gradiometers of extreme sensitivity. 


e. Use of Microbiological Techniques in Microelectronics— 
Protein affinity and enzyme-catalyzed reactions permit the 
specific deposition of many chemical elements, either in- 
dividually or in combination. Research on the implications 
for microelectronics, including measurement of novel deposi- 
tion capabilities and potentially high resolution microstruc- 
tures and high writing speeds, appears promising. 
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6. MICROELECTRONICS 


Innovative microelectronics technology is the focus of 
this topic. Representative subtopics include electronic 
materials growth, device and integrated electronic process- 
ing techniques, unique device and integrated electronics 
concepts, and automated design and modeling aids. Novel 
equipment for the microelectronics industry and instrumen- 
tation for process and circuit evaluation and monitoring are 
of particular interest. (Relevant instrumentation can also be 
included in Topic 5.) Recent trends of increased complexity 
in device design due to the larger intergration of smaller, 
more densely packed devices result in opportunities across 
the range of microelectronics activity. Suggested technical 
areas include but are not limited to the following: 


a. Electronic Materials Growth— Molecular beam ex- 
pitaxial growth techniques, conducting and insulator thin 
film growth techniques, and polycrystalline and amorphous 
silicon deposition (and possibly recrystallization). The over- 
all objective is the growth of thin layers compatible with 
present and future integrated electronics processing. Re- 
search on electronic materials can also be submitted in Topic 1. 


b. Device and Integrated Electronics Processing Techniques— 
Advanced lithographies (electron, ion, x-ray) as well as 
compatible inorganic and organic resists, high resolution 
etching and deposition techniques, and techniques for selec- 
tive restructuring of layered materials. The overall objective 
is the patterning of submicron features and/or control of 
bulk material and surface properties. 


c. Unique Device and Integrated Electronics Concepts— 
Unique device and integrated electronic concepts made pos- 
sible by recent advances in materials growth and processing 
techniques. Examples include device concepts based upon: 
non-classical phenomena; three dimensional configurations 
made feasible by low temperature, dry processing; and 
molecular electronics using a completely different technol- 
ogy base. The overall objective is to encourage truly in- 
novative microelectronic concepts. 


d. Automated Design and Modeling Aids—Use of novel 
computer aided design techniques in the design of integrated 
circuits and modeling of processes, devices, and circuits. 
Novel VLSI automated design tools (could also be sub- 
mitted in Topic 8), two or three dimensional device simula- 
tion techniques, and unique process modeling capability are 
examples of applicable research interests. 
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COMPUTER SCIENCE AND 
APPLIED MATHEMATICS 


Computer science ts concerned with the question “What 
can be automated?” In aicmpting to answer that ques- 
tion, it deals with all the phenomena that surround the com- 
puter. Thus, computer science is concerned with computer 
aided design of components as well as the architecture of 
computer systems ana the architecture and protocols of 
computer communication networks. It is concerned with 
the design of hardware and software and the discovery of 
algorithms to provide fail-safe robotic systems. It is con- 
cerned with the understanding of the design, analysis, and 
implementation of the hardware and software systems re- 
quired to understand “What can be automated.” 

The continuing revolution in electronics technology 
strongly affects the nature and direction of computer sci- 
ence research in many areas. In computer systems design 
it is reopening hardware research opportunities and is mak- 
ing low-cost intelligent terminals available for graphics re- 
search. In software systems and data base research, it is 
stimulating interest in distributed, concurrent computer sys- 
tems and in the language and communications questions 
which arise. 

Some clear trends in computer science research include a 
substantial shift of focus in software and programming sys- 
tems research toward greater formalization of programs as 
structured objects with semantic content. Software engi- 
neering has emerged as an interrelated set of issues con- 
cerned with the design and production of computer soft- 
ware. Artificial intelligence is one aspect of computer science 
which, through research on pattern recognition, knowledge 
representations, and expert systems, can influence the auto- 
mation of complex tasks. 

Suggested research topics in computer science include but 
are not limited to: 

a. Computer Aided Design—Languages and systems to 
support computer aided design. 


b. Architectural Issues—Issucs of computer system archi- 
tecture in device and system design. 

c. Computer Communication— Both tightly-coupled and 
loosely-coupled computer communication networks; proto- 
cols, architecture, and crypto-security systems. 


d. Software Maintenance— Languages and systems to re- 
duce the cost of developing and maintaining software. 


e. Software Testing—Systems to aid in the verification, 
validation, and testing of programs. 
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f. Data Base Management—/mproving cost effectiveness 
and reliability of data base management systems while as- 
suring their integrity and access control. 


g. Algorithms—The analysis of algorithms and their rela- 
tion to computer architectures. 


h. Processing Systems— Distributed processing and highly- 
parallel processing systems; algorithms, operating systems, 
and languages. 


i. Computer Graphics—Computer graphics and modeling 
of multi-dimensional objects. 


j. Intelligent Systems—Intelligent systems, knowledge 
representations, problem solving, and topics related to the 
automatic analysis and handling of complex tasks. 


k. Fault Tolerance—Fault tolerant hardware and soft- 
ware systems. 


|. Dissimilar Data—Systems to support combinations of 
forms of data, e.g., test, voice, high resolution graphics, 
and tabular material at the same time. 


Applied mathematics deals with the modeling, analysis, and 
explanation c“ real world phenomena. The modelling and 
analysis phases of a given project are usually of paramount 
importance since they are often the basis on which an economic 
decision is reached. It has long been recognized that the 
development of high quality, special purpose software to aid 
in these activities is highly desirable. What is needed is user 
oriented software which can perform such tasks efficiently 
once certain systems parameters are specialized. 

The following subtopics are suggestive of the type of ac- 
tivities to be supported and is not an exhaustive list. 


m. Optimization—Often there is a continuum of permissible 
equilibrium states which are compatible with the physical 
constraints imposeG on a given system. What is desired ts a 
knowledge of those operating states which are efficient, i.e., 
optimize some payoff. The development of fast, portable 
software to carry out such tasks is of interest. 


n. PDE Solvers—Partial differential equations are the 
principal tool used to describe mechanical, electromagnetic, 
and biological phenomena. The development of high quality 
software to solve such equations in two and three dimen- 
SiONs Is aN important activity. 
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8. COMPUTER ENGINEERING 


This topic aims at a basic understanding of the principles 
and issues involved in design, analysis, implementation, and 
use of computers and computing systems in an engineering 


environment. This involves the nexus of mathematics and 
computer hardware and software. 

Research is encouraged in the following new areas of 
computer engineering. 


a. Impact of VLSI on New Computer Architectures— T his 
involves: 
© The relationships between classes of algorithms and 
their hardware implementation as well as the types of com- 
puter architectures that lend themselves to better algorithms. 
e The design. analysis, implementation, and use of 
LSI and VLSI microelectronics for novel, special purpose 
hardware and new computer architectures. 

The dramatic developments of LSI and VLSI make 
it possible to explore the potential for new computer archi- 
lectures previously not practical or even feasible. These 
developments reopen questions of how to partition physical 
problems so as to make explicit use of parallel processing 
and distributed processing and to devise new classes of al- 
gorithms for these new computing structures. In order to 
encourage this progression from problem, to algorithm, to 
architecture necessary for solution of the problem, research 
's invited in: 

|. New sophisticated computer aided-design tools 
for LSI and VLSI computing structures. 


2. The new design tools to examine new architectures 


(implementable in LSI and VLSI) which are specifically 
tailored to support software, applications, and new classes 
of algorithms. 

3. Systems of microprocessors composed of these 
VLSI building blocks and experimental research on these 
systems. 


b. Distributed Processing and Parallel Processing. 


|. Akey issue in computer engineering is how to achieve 


increased computational speed by exploiting parallelism. 
2. A theory of distributed and parallel algorithms is 

needed to guide the programming of distributed and parallel 

systems. New algorithms for such systems must be found. 


3. Basic methodologies have to be ceveloped for design- 


ing distributed and parallel systems which demonstrably meet 
original design specifications. 

4. Performance models and measures for distributed 
and parallel systems. 

5. Design, analysis, and implementation of real time 
computing systems in particular domains. 


c. Engineering of Intelligent Systems—In order to address 
the hardware, software, computer system, and computa- 
tional issues involved in engineering future intelligent sys- 
tems, research is invited on: knowledge acquisition and 
representation: planning systems; object modeling, which 
includes mathemaiical modeling, computer representations, 
transformation between different representations, com- 
putational geometry, and efficient computational algo- 
rithms: very high level languages; and programming en- 
vironments. Significant research opportunities exist for 
integrated computer attacks on such areas as robotics, 3-D 
modeling and design systems, data bases and graphics sys- 
tems, and real time computing. This can be done by drawing 
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on research in other fields of computer engineering and 
computer science, by new special purpose fast computing 
devices, and by using multiprocessing. For example, the 
recent research on multiprocessor operating systems looks 
promising for attacking the probiems of communication 
and control in systems consisting of computer controlled 
elements, e.g.. robots and N.C. machine tools. 


9. ROBOTICS AND CONTROLS 


A robotic system may be described as one capable of 
receiving Communications, understanding its environment 
by the use of sensory inputs, formulating plans, executing 
plans, and monitoring its operation. Advanced applied re- 
search is sought in such disciplines as computer science, 
artificial intelligence, pattern recognition, control theory, 
kinematics, dynamics, geometry, and learning systems, that 
will lead to new technology in industrial robots. 

From an industrial point of view, the most important 
research is that which enables robots to perform new tasks 
or to improve performance in existing jobs. Several applica- 
tions are suggested for priority: handling parts which are 
on belt conveyors or hook conveyors, visually tracking 
parts, unloading pallets, the bin picking problem, feeding 
parts, handling imprecisely positioned parts with robots 
that are not very accurate and thus not very expensive, 
visually guided arc welding, inspection, faster arms, languages 
for sensor-based robots, modeling a work station to aid the 
programming of new tasks, and reliability. Suggested sub- 
topics are arranged in terms of six constituent functions of 
robotic systems. 


a. Intelligence and Decision Making—A key ingredient in 
advanced robotics is knowledge representation. Work ts 
needed not just to find any representation, but to find the 
right representation to answer questions and to compute 
efficiently. 

It would be helpful if representations existed to enable 
qualitative reasoning about physics and space, particularly 
about interacting objects and the nature of objects in space. 
For example, the exact trajectory of a falling object often is 
not needed, but just the fact that it is falling is important 
and that it will rest in some stable state on the floor. Re- 
search is also needed on learning by analog, particularly 
with regard to physical assemblies, so that the complete 
details of robot assemblers need not be specified for every 
new task. 

Research is needed on the knowledge of how to builda 
complete design facility with multimodal interaction, namely 
inputs which are not only drawings, but also, for example, 
text. The person, the group, or the system, that is going to 
use robots, will need a machine intelligence aid. 


b. Control—Research is needed on the optimal simul- 
taneous management of a large number of command signals 
and control variables in controlling manipulators which 
have flexible members and which have large changes in the 
moments of inertia of their joints during typical motions. 

There is a need for research on the quantitative model- 
ing of a robot system and the tasks it is to peiform in 


measurable, calculable, and controllable terms. This type of 
modeling relies on physical laws, empirical rules, and math- 
ematical techniques. Modeling ts also needed for cooperating 
robot systems. such as two arms performing a single task. 
Research is needed on the integration of real ume vision 
with manipulation. Modern estimation techniques should 
be applied to acquire robot system data that ts not measurable 
by sensors directly but is useful for robot control. Algo- 
rithms should be developed for structuring multidimensional 
sensor data to facilitate their use in the control system. 


c. Manipulation—K inematic design involves choosing the 
structural parameters which relate adjacent joints. Kinematic 
performance could be evaluated by time based measures, 
such as velocities and accelerations, but such work is not 
known. Thus, an understanding of the functional dependence 
between performance measures and the structural kinematic 
parameters is needed. Another useful set of performance 
measures could be based on forces and torques. 

Another topic is the kinematic geometry of systems 
having two or more manipulators to determine the degrees 
of freedom and how they should be distributed. Better 
methods are needed to understand the interdependence: 
between the kinematics of an end effector and that of a 
manipulator: and between the kinematics of the manipulator 
and that of the work environment. The tradeoff between 
the generality offered by skewed rotary joints and the easier 
control of simpler kinematic manipulators ts an issue. 

Manipulator kinematics should be studied from the 
point of view of minimizing the collision problem. Another 
research issue is the representation of objects which should 
be used for collision detection programs. Planning paths for 
collision avoidance ts another problem. 


d. Locomotion— A mobility system is typically the way to 
move a sensor or manipulator to reach a larger space 
Mobility systems amplify compliance and vibration prob- 
lems for manipulation. Research ts needed to minimize these 
effects. perhaps by the use of better control and sensors. 
including direct end-of-arm sensing. Research is needed on 
new mechanical mechanisms for mobility in complicated 
environments with space limitations. Under what cond- 
tions are wheels, legs. loops, tracks, balloons, or screws the 
best choice? 

Linear programming algorithms can find the joint 
torques which minimize energy consumption for locomo- 
tion. However. these algorithms require excessive computa- 
tion. Thus research is needed on improved algorithms or on 
a special purpose computer. Actuator efficiency and weight 
are important issues for the locomotion of vehicles which 
carry their own power sources. 

Further work is needed on optimal motion synthesis 
for locomotion. One criterion which is currently used ts 
maximization of the minimum value of static stabil *y over 
one cycle of locomotion. In the future dynamic stability 
studies should be possible. Further work is also needed on 
the optimal configuration of joints. 


e. Sensors— There is a need to improve the performance 
of visual sensors. TV cameras should have higher resolution 
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and improved pixel quality in terms of fewer defects. wider 
dynamic range of intensity, antiblooming, and a higher and 
more uniform sensitivity. Lenses should have lower distor- 
tion and better focusing in the infrared. Faster methods 
are needed to pan, tlt, focus, and zoom. 

More work is needed on range sensors, e.g., on cor- 
respondence problems in stereo vision. Triangulation tech- 
niques using a projector and a TV camera suffer from miss- 
ing data due to shadowing. Scan ring by acoustic rangefinders 
runs into the problem of echo signals. 

Current arrays of touch and force sensors suffer from 
coarse resolution, from low speed due to mass and friction, 
and from an excessive number of wires. There is a need to 
develop a high resolution, compliant, two-dimensional trans- 
ducer array and to integrate it with local microprocessors. 

Applied research in acoustic and temperature sensors 
for robots offers promise. There is a need to improve the 
accuracy of high temperature sensors. In general, sensors 
should have very high overload capabilities. 


{. Communication—Getting robots to perform the specific 
task which a human has in mind is not easy. Currently, 
communication is aided by using the manipulator to specify 
positions and by writing programs which can be entered by 
keyboard. For certain tasks, the number of statements for 
handling contingencies and error conditions is excessive. 
This problem will only become worse as robots become 
more autonomous in handling the unexpected. Research is 
needed on automatical error checking in robot activities 
and initiation of corrective action when necessary. 

Debugging and altering robot programs will become 
more difficult as high level languages are used that incorporate 
geometrical modeling systems and large data bases. How 
can an operator make a small programming change when 
the robot ts driven by an enormous, complex program which 
was automatically generated? Furthermore, particular 
motions may only take place after significant computation 
and after data from sensors has been processed. Work on 
debugging sophisticated robot programs is needed. 

Robots are sometimes required to perform a generic 
task, such as assembling motors, but various part sizes 
lead to thousands of slightly different models. It is desirable 
not to have to write a specific program for each model. 
Research is needed in how to write a general program which 
can generate specific programs in real time. 
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10. INFORMATION TECHNOLOGY 


Information technology is usually understood to include 
the tecnnologies of information storage, processing, trans- 
mission, input, and output. This topic is concerned only 
incidentally with the further development of such technologies 


per se. That is adequately covered elsewhere, e.g.. topics in 
microelectronics, computer science, computer engineering, 
and communications and systems. Here the focus is on their 
application to human purposes in information systems. 

An information system ts an organized way of interacting 
with information resources to accomplish some purpose. 
Through the application of technology, an information sys- 
tem can augment its user's power to deal with symbols in 
much the same way as other kinds of machinery augment 
the power of a user's muscies. But information systems are 
typically shaped more by the technologies at their designer's 
disposal than by the human purposes they are to serve. Re- 
search on this topic must relate system design parameters 
to the abilities and purposes of human users and thereby 
enable designers to take better account of these neglected 
factors. 

Problems on which applied research proposals will be 
considered include but are not limited to the following: 


a. Origination of Information Resources—An informa- 
tion resource is anything which can inform a person or 
another information resource. Documents and files are ob- 
vious examples. Research problems arise, for example, in 
the design of text editors and of systems for the automatic 
implementation of grammatical rules, word selection, spelling, 
and document formating. 


b. Electronic Information Exchange—Electronic mai! and 
the computer-mediated conference are commercial realities 
today, but exploration of their potential has only begun. 
Research problems arise in the design of systems to: 

* Structure message traffic for retrieval, processing, 
and comprehension. 

¢ Interpret the content of message traffic. 

© Support advanced forms of communication, such as 
the virtual document. the electronic yournal, and the cumu- 
lative monograph. 

© Facilitate complex cooperative behavior in large 
organizations. 


c. The Information System-User Interface—No aspect of 
information system design has been more neglected. Re- 
search problems arise in the design of systems to: 

© Generate visual displays unconstrained by limited 
character sets or small display spaces. 

¢ Support user control of display structure and repre- 
sentational mode, e.g., sentence, table, graph. 

© Locate and extract useful information from large, 
complex files. 

¢ Support “browsing” of electronic information re- 
sourees 

¢ Facilitate productive dialog with users varying in 
sophistication and interests. 

¢ Support alternative input modalities, e.g., speaking, 
touching. pressing, pointing, looking at an object of reference. 

© Support alternative output modalities, e.g., synthetic 
voice, holographic. 

Research on such problems can lead to the design of 
radically nonconventional workstations, raising questions 
.of optimization and customization. A related problem ts the 


measurement of an information system's effectiveness in 
terms of its impact on productivity. 


d. Information System Design Methodology—A key 
problem is that of formally characterizing an interaction 
between an information resource and its user. A practical, 
theoretically grounded way of doing this would greatly 
facilitate the design of humanly optimal information systems. 


e. Research Instrumentation for Information Science— Many 
issues of information science have been raised by the geo- 
metrical advance of storage, processing, and transmission 
capabilities. In these fields, technology has also provided 
the tools with which to investigate the issues raised. In 
comparison, the input / output technologies have stagnated. 
The keyboards and monitor screens so widely used today 
could easily be mistaken for those employed in the 1960's. 
Such instruments offer little scope for research into the be- 
haviora! aspects of information—or for the design of inter- 
faces more humane than those now in use. Some of the re- 
search problems are suggested in Subtopic c. 


11. COMMUNICATIONS AND SYSTEMS 


High-capacity, efficient communication systems operating 
at low cost is the primary objective of applied research in 
this topic. Applications of techniques leading to new and 
improved communication systems include but are not limited 
to optical and electrical communication systems and de- 
vices. Suggested applied research in communications in- 
clude but are not limited to: 


a. Large Scale Computer Communication Networks— Place 
such networks on a firm foundation rather than the current 
ad hoc practices. This objective can, in part, be accom- 
plished through research in such key areas as protocols, 
traffic flow, congestion control, routing, and network arch- 
itecture. 


b. Optical Communications— Advanced fiber optic com- 
munication systems involving both systems techniques and 
devices with emphasis on single-mode systems is sought. 
Research also is sought: on component functions of genera- 
tion, detection, modulation, and coupling: and on novel 
methods to transmit and distribute information in a net- 
work using optical fibers. 


c. Implementation With Integrated Electronics— Large 
scale (LSI) and very large scale integrated (VLSI) electronics 
provide opportunities for new and important advances in 
communications. Implementation of complex signal and 
image processing algorithms and novel network architec- 
tures is made possible by LSI- and VLSI-based electronics. 


Research in the application of systems analysis and 
operations research methodologies for use in engineering is 
required. Applications of new concepts in efficient and 
reliable systems operations are sought to conserve resources 
and improve productivity. Suggested areas of applied re- 
search on systems and operations research include but are 
not limited to: 


d. Scheduling and Queueing— Application of scheduling 
and queueing methods to commodity flow, production plan- 
ning, inventory contro], and network design such as used in 
transportation systems. 


e. Optimization—A pplication of optimization algorithms 
and techniques to new engineering systems design, for 
example, as might be employed in energy, environmental. 
and ecological systems. 


f. Analysis and Modeling—This subtopic is the applica- 
tion of systems analysis and modeling methodology to new, 
complex physical systems configurations and data bases. 
This application may also lead to the derivation of new 
analytical techniques and accurate modeling methods. 


12. SCIENCE AND TECHNOLOGY TO AND 
THE HANDICAPPED 


Physical and mental handicaps limit the use of the na- 
tion’s human resources and add much to society's economic 
burden. Estimates of the number of persons in the U.S. who 
are physically handicapped vary from 10 to 40 million. 
Reliable estimates are hard to obtain, but it is clear that 
the numbers are very large and that the financia! burden of 
disability, through benefit payments and loss of produc- 
tivity, is on the order of several billions of dollars annually. 
Added to this, there are personal losses suffered by the 
handicapped and their families from limitations imposed on 
their ability to participate in many aspects of life. 

Technology has helped to restore lost functions and aug- 
ment residual physical or intellectuai abilities. This allows 
the handicapped to lead a more independent, useful, and ful- 
filling life. Eye glasses, hearing aids, artificial limbs, canes 
for the blind, wheelchairs, and cardiac pacemakers have 
become indispensable to those that need them. Recent progress 
in science and technology, such as the advent of micro- 
processors and the development of new, biocompatible 
materials, provides even greater possibilities for major ad- 
vances in the productivity and quality of life for the handi- 
capped. 

The objective of this topic is innovative applications o! 
science and technology to improve and facilitate a person s 
mobility, dexterity, and ability to read and communicate. 
Proposals for product development rather than for research 
will not be funded. Research will be supported on poten- 
tially important, new or radically improved technology-based 
aids to the handicapped which offer significant advances in 
effectiveness or major reductions in cost. Proposals based 
on incremental or marginal improvements in existing products 
are discouraged. For this solicitation, this topic will be con- 
sidered non-clinical research. 

Proposals in this topic should involve research addressing 
one or more of the following subtopics: 


a. Improved Sensing, Locomotion, and Manipulation— New 


devices that improve sensory, locomotive, or manipulative 
capability: devices such as sensory aids for the deaf or the 
blind using microprocessors; more sensitive substitutes for 
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the standard long cane; control systems that allow creation 
of synthetic speech; and upper liinb prostheses incorporating 
the sense of position, touch, and grasp force. 


b. Biomechanics—Improved apparatus and diagnostic 
tools for determining forces and motion patterns in normal 
joints, joints with implants, and total joint replacements; 
on materials for implants; structural analysis of implants 
and joints; and better methods for measuring energy costs of 
physical activity. 


c. Substitute Anatomical Materials—Substitute materials 
to replace damaged tissues or to restore impaired physiologic 
function: polymeric materials as prostheses for muscle, tendon, 
cartilage, bones, etc.; improvement of materials for blood 
vessel substitutes; and materials for use in artificial organs. 


d. Healing Aids—New and improved devices or tech- 
niques to aid tissue healing: devices making use of elec- 
trical and magnetic fields to accelerate healing of bone; 
devices for applying mechanical pressure to improve strength 
characteristics of healing bone; and techniques for preven- 
tion of hypertrophy of scar tissue. 


e. Incentives or Innovations—Incentives required to 
ensure development and use of devices and aids for the 
physically handicapped: studies and analyses of the special 
problems associated with developing, manufacturing, and 
distributing devices having low profit potential; and research 
on the psychological and sociological factors affecting the 
use of new devices or techniques by the physically handi- 
capped. 
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13. ADVANCED MANUFACTURING PROCESSES 


The objective of this topic is research which will lead to 
significantly increased productivity in manufacturing. In 
scope it includes processing bulk materials into engineering 
materials (primary processing) and processing engineering 


materials into discrete products (secondary processing). In- 
creasing productivity means reducing the lead time between 
design and manufacture, raising production rates, reducing 
costs, and improving product quality, while meeting legal 
requirements for product safety, health, and safety in the 
factory, and providing protection of the factory environment. 

Proposals must be for research rather than for develop- 
ment or for minor incremental modifications. They should 
demonstrate both creativity and potential for really sub- 
stantial improvements in productivity. The research pro- 
posed may be for the purposes of optimizing a unit opera- 
tion OF process, permitting safe operation, reducing noise, 
improving the product, substantially raising first-time- 
through yield, reducing lead time or improving process 
economy. It may include conceptual design and feasibility 
studies. These may comprise both analytical and experimental 
approaches, such as modeling and simulation, preparing 
software, or selecting materials, as well as design, construc- 
tion, test, and evaluation of engineering models of produc- 
tion equipment. 

Subtopics of interest include but are not limited to the 
following: 


a. Computer-Aided Manufacturing—Application of micro- 
processors in advanced manufacturing systems. Integrated 
optics for intermachine communication in factory environ- 
ments. Interface boxes between computers and the machines 
that they control. Self-optimizing or adaptive unit opera- 
tions. Special purpose machines for automated testing of 
mechanical products. CAD/CAM. 


b. Automation—Components permitting unattended 
operation of production machines, including material or 
part feeders and removers, sensors, fail-safe devices, and 
recorders. 


¢. Machining—High- and ultrahigh-speed machining, heat- 
assisted machining, and adaptive machining. 


d. Processing with Lasers— New applications of lasers in 
manufacturing, or extending the range of present applica- 
tions, e.g. cutting solids of thickness substantially greater 
than is now possible. 


e. New Unit Operations—Exploratory work on novel ways 
of (1) putting various forms of energy into a workpiece, 
(2) combining unit operations, or (3) operating outside the 
normal ranges of process variables. Such work may lead to 
workpiece materials having unique and desirable composi- 
tions and microstructures, or to workpiece geometries not 
attainable by present methods, or to radical reductions in 
the cost of making a specific workpiece. 


!. Forming and Joining Methods—Net shape forming with 
superplastic alloys. Automatic methods of joining materials 
(including welding and adhesive bonding), and rapid, de- 
pendable methods of testing joints automatically and non- 
destructively. 


2g. Human Productivity in the Factory—T ols for increas- 
ing productivity of software programmers; pre-employment 
screening tests for selecting employees with specific job 
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aptitudes; and training packages for enhancing produc- 
tivity. 


Proposals principally on robotics should be submitted 
under Topic 9. 
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14. ADVANCED CHEMICAL PROCESSES 


This topic seeks innovative approaches to industrial pro- 
duction of chemical feedstocks, specialty chemicals, agricul- 
tural chemicals, metals, plastics, adhesives, painis and coat- 
ings, etc. Research in non-biological chemical and process 
engineering is emphasized. NSF supports chemical engi- 
neering research in: photochemical and other electrochemical 
processes; particulate and multiphase processes; application 
of plasma chemistry and arc technology; combustion; and 
membrane and other separation processes. 

In this topic NSF seeks high-quality research proposals 
that exploii recent developments in the basic understanding 
of chemical and process engineering. The proposer must 
also consider the impact of his proposed research on such 
factors as competitive costs, energy and material conserva- 
tion, and compliance to environmmental and other regula- 
tory requirements. 

Examples of technical applications are the following: 


a. Plasma Chemistry and Arc Technology—Plasma chem- 
istry and arc technology are interrelated areas where new 
research opportunities exist. This technology has received 
renewed impetus due to the high cost of energy in the pro- 
duction of chemicals, materials, and metals. Specific problem 
areas are special polymers, ozone production, synthesis gas 
conversion, coal gasification, and isotope separation. Im- 
portant problems in arc technology are related to electrical 
uses such as circuit interrupters, high power switches, and 
arc light sources. 


b. Photochemical and Electrochemical Processes— Recent 
advances in photochemistry and electrochemistry permit 
new approaches in design of chemical processes. In prin- 
ciple, these techniques offer efficient routes to products now 
produced with great difficulty and/or provide better selec- 
tivity, control, or energy efficiency than more traditional 
processes. These processes include (but are not limited to) 


processes using direct solar radiation to drive the process, 
but they exclude processes that use solar energy solely as a 
heat source. New design principles for industrial-scaie photo- 
chemical reactors would aid the development of new photo- 
chemical processes. Additionally, research leading to new 
chemically based energy storage systems (including batteries) 
is included in this topic. 


c. Particulate and Multiphase Processes—This subtopic 
is concerned with innovative research involving dispersed 
solids, liquids or gases. Proposals are sought in three areas: 

© On-line characterization: Techniques and instru- 
mentation are needed for measurement of size, shape, elec- 
trical charge, and chemical composition of suspended par- 
ticles in multicomponent systems. Their on-line charac- 
terization is necessary to improved monitoring and control 
of hydrodynamic, optical, transport, and other behaviors 
in an industrial process system. 

¢ Interfacial and colloidal phenomena: Interparticle 
forces usually change significantly when surface active agents 
Or ionic species are selectively adsorbed on or desorbed from 
particle surfaces. These forces enable particle separation by 
filtration, coagulation, flocculation, and coalescence. They 
dominate multiphase flow through porous media, sponta- 
neous emulsification, and foam stabilization. Of interest are 
methods of altering surface properties of particulates to 
achieve improved process performance. 

© Particulate processing and modification: Operations 
involving particulates include atomization, centrifugation, 
comminution, conveying, cycloning, desliming, electrostatic 
separation, mixing, pelletizing, screening, scrubbing, sedi- 
mentation, and slurry transport. New processes with auto- 
matic control or on-line optimization are needed with em- 
phasis on improving energy and materials efficiencies. Of 
particular interest are processes in high gradient magnetic 
separation, deep bed filtration, fabric filtration, and floc- 
culation. 


d. Combustion—Research in combustion, dealing primarily 
with the chemical and physical aspects burning of coal, oil, 
gas, and other materials is important in characterization 
of conditions for better efficiencies in energy conversion, 
energy conservation, and environmental control. Specific 
areas of research involve experimental work, diagnostics, 
and modeling of combustion processes, emissions, and control. 


e. Separation Processes— These play a key role in major 
chemical and process industries and in the developing bio- 
chemical industry. Typical separation processes include dis- 
tillation, solvent extraction, membrane separations, absorp- 
tion, and adsorption. Appropriate research in this area 
should be aimed at improving existing processes and de- 
vising novel ones for the energy-efficient separation of 
chemical species in process streams. 
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15. CHEMISTRY 


Chemistry is a major contributor to the gross national 
product of the United States. NSF's objective in supporting 
research in chemistry is to insure its vitality with emphasis 
on maintaining a lead role in experimental research. Op- 
portunities for advances in chemistry are unparalleled, and 
such advances are rapidly translated into many of the products 
and services supporting our nation’s economy. The interac- 
tive nature of chemistry is responsible for maintenance of 
the vitality of the discipline. 

Research in chemistry is solicited in the following subtopics: 


a. Structural Chemistry and Thermodynamics—Equilib- 
rium and time-dependent macroscopic thermodynamics and 
Statistical mechanics; macroscopic properties of matter; in- 
termolecular interactions in condensed phases; properties of 
colloidal systems and surfaces; high temperature chemistry: 
new methods for structure determination; determination 
and interpretation of the geometrical parameters of chemi- 
cal species by spectroscopic and diffraction methods. 


b. Chemical Physics— Development of a general chemi- 
cal theory to aid in the design and interpretation of experi- 
mental studies; experimental chemical transformation studies 
of single collisions of atoms and molecules; energy transfer 
within and between individual molecules. 


c. Chemical Dynamics—R ates of reaction that are critically 
important in developing general laws and theories in chem- 
istry; influence of chemical environments, energy sources, 
and catalysis on rates and products of chemical reactions; 
transient intermediates produced in reacting systems and 
their roles in producing chemical changes; correlations and 
generalizations between molecular structure and reactivity: 
new techniques and instruments; fundamental rate data for 
use in disciplines, such as biology and atmospheric sciences. 


d. Chemical Analysis—New or improved met iods of 
chemical analysis of all forms of matter and surface and 
interface species; analytic procedures that couple novel 
chemistry and advanced instrumentation with computer 
management; comprehensive approaches to the analysis of 
complex materials, such as catalysts and airborne particulates. 


e. Synthetic Inorganic and Organometallic Chemistry — New 
organometallic and inorganic compounds possessing catal- 
ytic behavior; fixation of small molecules for synthetic catal- 
ytic behavior; fuels and biomimetic models; inorganic com- 
pounds in chemotherapy and plant and animal nutrition; 
environmental impacts of heavy ions; synthesis of inorganic 
materials possessing useful electrical and thermal properties. 


f. Synthetic Organic and Natural Products Chemistry— 
Preparation, characterization, and structural manipulation 
of organic compounds, both from plant, animal, and human 
sources and from nonbiological synthetic compounds; de- 
velopment of highly efficient reagents and methods for 
synthesizing compounds for use in energy storage, medi- 
cines, and agricultural chemicals; design and synthesis of 
novel structures testing theories of bonding. 


g. Chemical Instrumentation—In addition, the above 
chemistry subtopics rely heavily on chemical instrumenta- 
tion and new or novel methods which couple innovative 
chemistry with advances in instrumentation. Proposals for 
chemical instrumentation to respond to unsolved problems 
in chemistry are candidates for consideration. 


16. BIOCHEMICAL ENGINEERING 


Biochemical engineering is the domain of microbial and 
enzyme processes. The field encompasses many areas in- 
cluding industrial fermentation and enzyme utilization. 
These processes are used for the production of pharmaceu- 
ticals, food, and chemicals. The development of new in- 
novative processes for these purposes is of interest. Research 
that may result in minor or incremental improvements is not 
of interest. The objective is to find significant advances in 
order to improve the efficiency, cost, or safety of biological 
processes. The proposal must also consider the competitive- 
ness of the approach and the increased cost of energy, en- 
vironmental, and other regulatory requirements. 


a. Fermentation Engineering— Processes utilizing pure or 
mixed cultures of microorganisms for the production of 
single-cell protein foodstuffs and various chemical products, 
e.g., pharmaceuticals and chemical feedstocks, are becom- 
ing increasingly important. Areas of research include: 

¢ Novel fermentor design and computer controlled 
fermentations. 

¢ Instrumentation design for monitoring fermentation 
processes. 

¢ New process engifeering techniques for scaling up 
fermentations. 

¢ New fermentation products or new fermentation 
processes for existing commercially produced chemicals. 

All aspects of fermentation engineering research are 

included. Proposals dealing with the use of ethyl alcohol as 
a fuel extender (gasohol) are excluded. 


b. Enzyme Engineering—Specific enzymes can be used in 
immobilized forms (encapsulated, physically, or chemically 
bound) and in free solution to effect certain desired chemical 
transformations, e.g., isomerizations, hydrolysis. Examples 
are the conversion of glucose to fructose and the degrada- 
tion of cellulose to glucose. Additional processes and tech- 
niques are needed to exploit this area. The prevention of 
activity losses by immobilized enzymes and the develop- 
ment of new enzyme reactor configurations are important 
areas. 
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17. ADVANCED IMMUNOLOGICAL AND 


MICROCARRIER TECHNIQUES 


Recent advances in immunological technology, such as 
monoclonal antibody production, permit the preparation of 
highly specific reagents that can recognize particular cell 
populations, infectious particles, and surface molecules. The 
development of microgranule and microsphere techniques 
permit the packaging of toxic and other biological reagents 
in a form that is not harmful to the biological system until 
ingestion by a cell. By attaching the highly specific anti- 
bodies to these microspheres, the carriers can be made to 
attach to specific cells and deliver the contents of the sphere 
to such cells. For example, the power of this technique can 
be illustrated by the fact that toxins may be introduced to 
tumor cells without invasion of normal cells if the tumor has 
specific antigenic properties. Viruses and other cellular com- 
ponents may be rapidly screened with this technology. 

Thermolabile liposomes and other carriers can be made 
to release their products by gentle heating. They can selec- 
tively release their contents at body sites that are warmed 
from an external source. This would allow specific treat- 
ment of superficial tumors. Other cells that are accessible 
would also be candidates for study by this technique. 

Enzymes can also be coupled to such carriers or to plastic 
surfaces. The enzyme activitiy is usually stabilized as a result 
of such attachment, and therefore, this technology becomes 
useful industrially, e.g., production cf cheese and fermenta- 
tion. Because certain disorders are the result of enzyme 
deficiencies, attachment of the appropriate enzyme to a 
plastic tube, through which a patient's blood is passed, may 
prevent accumulation of toxic products in affected individuals. 


a. Synthesis of Biologically Active Peptides— Research on 
the synthesis of peptide sequences that have antigenic proper- 


ties shared by viruses, receptors, or neuroactive toxins. 
Identification of antigenic sequences of receptors, viruses, 
and neurotoxins are of particular interest, as well as the 
production and screening of antibodies customized for these 
antigenic sequences. The peptide sequences should contain 
5-12 amino acids. 


b. Production of Monoclonal Antibodies Against Cell Sur- 
face Markers—Antibodies against receptors, surface markers 
on specific cells, or markers which distinguish embryonic 
from adult cells. The receptors may be for hormones or 
neurotransmitters. The cell surface markers may distinguish 
among cells of different organs, subsets of cells within an 


organ such as classes of nerve cells, or neoplastic vs. normal 
nontransformed ceils. 


c. Development of Liposomes and other Microspheres— 
Research aimed at developing formulations for the uniform 
packaging of peptide-like reagents. Research on the effects 
of varying the ratios of each lipid in the liposomes on 
membrane fusion and thermolability. Explore the effects of 
microsphere structural composition on the release of trapped 
compounds. Investigate the antigenicity and effects of lipo- 
some and other microsphere structural components on the 
survival of selected cell types and cell hybridomas. 


d. Coupling of Antibodies and Enzymes to the External 
Surface of Microspheres and Plastic Surfaces— Research the 
attachment of antibodies and enzymes to the external sur- 
faces of liposomes, other carriers, and plastic surfaces with 
retention of their biological activity. An example is the 
attachment of enzymes to catheters used in saline drip 
bottles. Studies on the efficacy of coupling the microsphere 
to the protein, before or after loading with the encapsulated 
ligand, is appropriate in this category. 
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18. FOOD PROCESS ENGINEERING 


Mounting food costs due largely to the increasing price 
of energy, an expanding global population, and insistent 
advice for change in dietary pattern for health reasons are 
among the pressures to which the American food industry 
must respond in the near future. The detailed response is 
still unknown but will undoubtedly involve technologic 
changes in production, processing, and distribution. 

The objective of this topic is innovative approaches that 
will improve the availability or quality of food. The as- 
pects of food processing, range from extrusion to reaction 
kinetics and transport processes in food materials to the 
effects of processing on nutritional value. Studies on kin- 
esthetic, organoleptic, and other physico-chemical proper- 
ties also will be considered for support. Areas of research 
interest include: 


a. Food Process Engineering—Nearly all of our food is 
processed before we eat it, and an increasingly large per- 
centage is processed by industry outside the home. Centralized 
processing has considerable potential for utilizing energy- 
efficient techniques and for controlling quality. On the other 
hand, centrally processed food is subject to the rigors of 
distribution and storage before it reaches the consumer and 
must be appropriately preserved and packaged. Research 
proposals related to these and other aspects of food pro- 
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cessing will be considered for support. In general, proposals 
applicable only to the development of a single product or 
process are not eligible for support. 


b. Effect of Processing on Nutritional Value—In response 
to economic pressure, health recommendations, and changes 
in life style, the kinds and amount of foods eaten in the 
U.S. are undergoing rapid change. Products prepared from 
legumes and other vegetables are being increasingly sub- 
stituted for meat and animal products. Nearly all foods are 
now at least partially pre-processed before being used in 
the home and more meals are being eaten away from home. 

Thousands of new food products find their way to 
market each year, and even if not otherwise changed, old 
familiar foods are found in new packages. Any processing, 
including refining, fortification, packaging, and storage, 
may affect the nutritional quality of food. Some nutrients 
are made more available, while others are destroyed or made 
less available. Substances added to food or formed during 
processing may modify intestinal function or metabolism. 
In order to maintain the quality of the American diet, the 
effect of processing on the nutritional quality of food should 
be understood. Research proposals to increase knowiedge 
of the impact of food processing on nutritional value will be 
considered for support. 
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19. WATER TREATMENT RESEARCH 


In research on electron beam disinfection of sludges de- 
rived from municipal wastewaters, chemical and physical 
effects on sludges have been studied. It has been found 
that the energized electron treatment shares some similarities 
with oxidation processes relying on water to conduct the 
species to be oxidized and/or to react with contaminants. 
Activated aquecus oxidation systems include wet oxidation 
technologies, which use pressure, heat, and oxygen. Another 
technology uses electromagetic energy to accomplish the 
same result. Electron-beam activated oxidation systems are 
thought to produce hydrogen peroxide molecules and oxy- 
gen radicals, which oxdize organic substances in suspension 
and in solution. Finally, gamma radiation is capable of 
deactivating living matter by causing physical /chemical ef- 
fects attributable to ionization. 

Each of these technologies offers the possibility of being 
used for selective destruction of organic herbicides and 
pesticides and other toxic substances in water. The tech- 
nologies are generally used in closed systems which offer 
the potential of controlling any secondary pollutants pro- 


duced. The energy efficiency of these systems its likely to be 
high. Energy applied in wet oxidation systems may be 
derived from the keat content of the waste itself. The tech- 
nologies may be applied to detoxification alone or in com- 
bination with disinfection and sterilization of water and 
wastewater. 

Proposals are invited for research on concepts to decon- 
taminate water and wastewater containing small concentra- 
tions of toxic organic substances or pathogenic organisms 
by use of. 


Electromagnetic Radiation 
Gamma Radiation 
High Energy Electron Radiation 
Ultrasonic Vibration and/or Electrostatic Fields 
Wet Oxidation 
Other Physical Methods 
Research on use of halogens, ¢.g., chlorine and bromine, is 
specifically excluded in this topic. 
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20. ATMOSPHERIC TECHNOLOGY 


New techniques are sought for measuring atmospheric 
properties and processes, for assimilating and analyzing 
atmospheric data, and for displaying and disseminating at- 
mospheric information to the user. Research opportunities 
span the areas of instrumentation, information extraction, 
and services. 

Specific opportunities include but are not limited to the 
following: 


a. Measuring Physical Properties—New and improved 
instruments for remote and in situ measurement of cloud 
characteristics, air motion, and atmospheric electricity. In- 
novative use of commercial platforms to resolve geographic 
data gaps. 


b. Measuring Chemical Properties—New technology for 
quantitative determination of atmospheric trace gases to 
provide both high speed measurements and ultrasensitive 
measurement of transitory species. 


c. Analysis Methods—Improved methodologies for ex- 
tracting information from high volume data sources such 
as weather satellites and weather radars. Produce unam- 
biguous information, such as cloud height, cloud cover, 
precipitation characteristics, etc., through novel synthesis of 
measurements from available techniques. 


d. Protection and Warning—Combine technological ad- 
vances in hardware, software, and/or services to improve 
protection and warning against adverse atmospheric phe- 
nomena, ¢.g., lightning protection or wind hazard warning. 
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21. RADIATION PROCESSING AND CONTROL 


The use of both particle and photon radiations in manu- 
facturing processes and controls increases as new detectors, 
new techniques, and a larger veriety of radiations become 
available. Presently, devices based on neutron and charged 
particle scattering are in use for monitoring a variety of 
processes, and particle and photon (X-ray) induced fluores- 
cence is used to monitor pollutants in the atmosphere and in 
waterways. Radiations, especially electrons, are also in us? 
in processes involving polymerization and in sterilization of 
items from medical supplies to sewage sludge. lon implanta- 
tion is used to alter properties of materials in electronic 
circuitry, radiation detectors, and uses requiring corrosion 
resistance. 

As the variety and intensity of particles available ‘acrease 
and detectors and techniques are improved, new devices and 
processes become possible. Studies leading to new applica- 
tions of radiations to processing and control may be sup- 
ported under this topic. Proposals are invited in but not 
limited to: 


a. Particle an? Photon Scattering—Surface analysis with 
charged particle induced gamma ray and back scattering 
techniques. Control and analysis of materials in processing, 
in mining and drilling operations, and in pollution monitor- 
ing and control. Monitoring and control of sulphur in fuel 
processing is an example. 


b. Particle and Photon Induced Fluorescence— Utilization 
of x-ray fluorescent techniques to characterize process 
streams or individual samples. Applications of Bremsstrah- 
lung from high power accelerators for industrial processing 
such as the sterilization of disposable medical products and 
in the preservation of food. 


c. Particle and Photon Induced Activation Analysis—|n- 
novative approaches in elemental analysis with: neutron 
activation and charged particle induced reactions, and x- 
ray emission. For environmental problems such as asbestos 
pollution, characterization of catalysts, coals, and geological 
and biomedical samples. 


d. Interactions of Particles and Photons with Matter—im- 
provement of tomographic spacial resolution, increased 
scan rates, and optimization of system capabilities while 
minimizing invasiveness. Of interest are applications in 
fields other than medicine such as welding and structure 
testing. Processing of environmental streams such as sludge 
from sewage treatment plants and disinfection of animal 
feed using electron beams and other radiations. New apphi- 
cations of radiation induced modifications of process streams 
and/or monitoring of such streams. 


e. lon Implantation—Effects of ion implantation on sur- 
face sensitive properties of materials such as corrosion, 
fatigue, and wear; implanted ion effects on electrical char- 
acteristics of materials; the introduction of impurities by 
ion implantation in a controlled manner; hydrogen or other 
gaseous particle trappings: and metastable and amorphous 
alloys. 


In general, studies designed to adapt instrumentation 
developed for research to radiation processing and control 
systems are encourzged. 


22. HEAT TRANSFER 


This topic supports research in new technology in con- 
duction, convection, and radiative heat transfer. A broad 
range of thermal phenomena and processes occurring in the 
natural and engineered environments is covered. Modern 
developments in technology frequently lead to complex 
phenomena and mixed modes of thermal transport. Specific 
subtopics deal with but are not limited to: multiphase heat 
transfer, high-flux heat transfer, high temperature trans- 
port, and porous media. 


a. Multiphase Heat Transfer—Research in multiphase 
processes includes two-phase flow, boiling, evaporation, 
condensation, melting, and solidification. Studies of interest 
are those delineating the transport mechanisms with the 
ultimate objective of constructing predictive models based 
on physical understanding. Especially relevant to two-phase 
flow are measurement techniques for gross properties such 
as mass flow rates, quality, flow pattern, and void frac- 
tion, and also for individual phase properties of tempera- 
ture, pressure, and velocity distributions. Other concerns in 
multiphase processes deal with critical heat flux phenomena, 
transport across gas-liquid interfaces and across vapor and 
liquid films, droplet behavior in dispersed flow, boiling from 
extended surfaces, two-phase flow instabilities, interfacial 
instabilities and turbulence, the effect of rapid pressure 
transients including depressurization on boiling and evapora- 
tion, the role of microlayers in boiling, bubble dynamics, 
vapor explosion, and rewet processes. 


b. High-Flux Heat Transfer— New techniques are sought 
in heat transfer enhancement, namely, the attainment of 
heat fluxes that are substantially greater than those obtained 
by conventional means for a prescribed temperature differ- 
ence, or conversely with heat transfer accommodation, the 
reduction of the temperature difference required to sustain 
a prescribed heat flux. Research in this area is largely con- 
cerned with convective heat transfer, but radiation and con- 
duction are also of interest. The aim is to find advanced 
high-flux technologies and to understand the performance 
of high-flux devices. Of interest are predictive schemes for 
internal and external flow and for the thermal performance 
of rough and extended surfaces, swirl flow devices, compact 
heat exchanger surfaces, surface tension devices, treated 
surfaces for the promotion of nucleate boiling, and for 
convection in liquid-liquid direct heat exchange, heat removal 
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from small sources, and film cooling. Frequently, enhance- 
ment devices are characterized by regions of flow separa- 
tion and the accumulation of solids leading to deleterious 
effects on the heat transfer. Therefore, convection in separated 
flow and heat transfer fouling are appropriate topics in 
high-flux heat transfer. The development of turbulent heat 
transport models is also of major concern. 


c. High Temperature Transport—Research in this field 
deals with heat transfer in combustion flames and in ionized 
gases. in combustion, the heat transfer process involving 
gaseous, liquid, or solid fuels is of interest. In general, 
radiation and convection play significant, interacting roles. 
Thus, this subtopic seeks new technologies that give proper 
account of this interaction phenomenon. It also seeks to 
describe the radiation properties of reaction products and 
to advance experimental methodologies helpful in the 
measurement of high temperature fields. 


d. Porous Media—Research is invited in the combined 
modes of heat transfer in porous structures that are charac- 
teristic of soils and insulation systems (fibers, powders, and 
foams). Of concern is the effect of fiber arrangement, mois- 
ture transport, and temperature-dependent thermophysical 
properties on radiative, conductive, and free and forced 
convective heat transfer. Research in this field is especially 
concerned with the application of novel measurement tech- 
niques. 


23. LIGHT MACHINERY AND COMPONENTS 


In recent years the U.S. trade balance for light machinery 
has moved from a surplus to a deficit. Textile machinery, 
office machines, sewing machines, lighit hand tools, etc. are 
often made at lower cost outside the United States and are 
imported for the domestic market. Research on such machines 
and their elements may help to remedy this situation. 

The objective of this topic is to provide support for re- 
search which will lead to new or better machines and their 
components. Proposals must be for research rather than for 
development or minor modifications. 

The research proposed may be for the purposes of optimizing 
a design, substantially improving functional performance, 
permitting safe operation, reducing noise and vibration, 
raising eificiency, increasing service life, improving reliability, 
or reducing cost. It may include conceptual design and 
feasibility studies. The research may comprise both analytical 
and experimental approaches, such as modeling and stimula- 
tion, preparing software, or selecting materials, as well as 
design, construction, test, and evaluation of engineering 
models. Subtopics of interest include but are not limited 
to the following: 


a. Mechanical Elements— Novel and useful mechanisms; 
low- and high-friction devices, including new bearing con- 
figurations and machine brakes; energy storage elements, 
including springs and flywheels; connectors and fasteners; 
low-friction power trains: measuring and controlling de- 
vices; electric and electromechanical actuators; high reliability 
components; and high-speed, high-load spindles. 


b. Fluid Elements—Power input and energy storage de- 
vices, including pumps, blowers, fans, compressors and ac- 
cumulators; power modulation and control devices; static 
and dynamic seals, and gaskets; fluid conditioners, includ- 
ing efficient, low resistance filters; hydraulic, pneumatic, 
and hybrid actuators; fluid meters; and lubricating devices. 


c. Thermal Elements—Heating elements, including com- 
bustion devices such as novel fuel injectors, fuel/air mixers, 
igniters, and combustion chambers; cooling and storage ele- 
ments; control devices; and thermal transfer elements in- 
cluding heat exchangers and heat pipes. 


d. Special Machines— High speed rotating and other light 
machines to meet presently unfilled needs; microprocessor- 
controlled machines with self-diagnosing capabilities. 


Reference 


1. Research Needs Report: Fundamental Research Needs, ASME, 
Bk. No. H0OO139, 1979. 


24. TUNNELING, DRILLING, EXCAVATION, 
AND DREDGING 


It is estimated that total costs for tunneling during the 
1980's will exceed $50 billion. Also, more oil and water 
wells are being drilled than ever before. Construction, exca- 
vation, and mining activities increase with population, and 
congested urban environments have engendered greater use 
of subsurface space. Similarly, increased boating, shipping, 
und construction have put greater pressure on dredging of 
rivers, harbors, and other marine areas. New environmental 
and cost-of-energy requirements also pose new limitations. 

Much of this work continues to be done with equipment 
that, while often scaled-up, uses technology of many years 
ago. Research and high technology may bring new concepts 
and innovative approaches to bear on these needs. 

The objective of this topic is high-quality research which 
will lead to significantly better, more efficient, or lower 
cost technology for these needs. Only proposals to elucidate 
the behavior of in situ earth materials and/or the phenomena 
of interaction with or response to extraction or sensing 
techniques will be considered under this topic. (Proposals 
related to the response of the equipment, itself, or the move- 
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ment of freed material will not be considered.) Proposals 
must be for research, particularly on advanced or innova- 
tive concepts, and should not be for incremental or scaled- 
up versions of existing equipment or the development of 
technically proven ideas. Proposals to develop inventions 
and not primarily for research will not be funded. Proposals 
are solicited in the following subtopics: 


a. Tunneling—Rock and ground disintegration techniques 
to improve efficiency and reduce the impact on environ- 
ment; techniques to reduce the cost of and improve liners 
and supports for tunnels; and research to improve the work- 
ing environment and safety during tunneling, i.e., minimizing 
noise and dust initiation. 


b. Drilling—Research to increase speed and reliability, 
to reduce energy and wear, and to control direction of drilling. 


c. Excavation—Research on: innovative excavation tech- 
niques that will advance the state-of-the-art; rock and ground 
disintegration techniques; and new instruments and equip- 
ment. 


d. Dredging—Research on new technology in the initial 
removal from the parent body of underwater mud, sand, 
rock, or organic material. 


References 


1. Rapid Excavation—Significance, Needs, Opportunities, NAS 
Publication 1690, National Academy of Sciences, 1968. 

2. Meeting Tomorrow's Needs on Tunneling and Excavation, Bechtel 
Corporation, February 1974. 

3. Drilling for Energy Resources, Ad hoc Committee on Technol- 
ogy of Drilling for Energy Resources, National Academy of 
Sciences, Washington, 1976: (NTIS Order No. PB 253378/AS). 

4. Rock Fragmentation, 17th Symposium on Rock Mechanics, 
August 25-27, 1978 (Special Publication), Utah Engineering 
Experiment Station, Univ. of Utah, Salt Lake City, 1976. 

5. Limitations of Rock Mechanics in Energy-Resource Recovery and 
Development, National Academy of Sciences, Washington, 1978: 
(NTIS Order No. NRC/AMPS/RM-78-1). 

6. Site Characterization and Exploration, ASCE Publication, 
1979. 

7. Rock-Mechanics Research Requirements for Resource Re- 
covery, Construction, and Earthquake Hazard Reduction, Na- 
tional Academy of Sciences, Washington, 1981: (NTIS Order 
No. NRC/AMPS/RM-81-1). 
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Small Business Certification: Year Firm Founded 


The above organization certifies it is a small business firm and meets the defini- 
tion stated on page 3: 


Number of Employees (average for previous 12 months)* Currently 
Classified as Non-Profit Firm Yes 0 
Subsidiary of Another Firm Yes No 
Principal Investigator's primary employment will be 

with this firm at time of award Yes No 


Project Amount (Phase I): $ 
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F.Y. 


Lt 


NAME OF INSTITUTION (INCLUDE BRANCH/CAMPUS AND SCHOOL OR DIVISION) 


ADDRESS (INCLUDE DEPARTMENT) 


PRINCIPAL INVESTIGATOR(S) 


TITLE OF PROJECT 


TECHNICAL ABSTRACT (LIMIT TO 22 PICA OR 18 ELITE TYPEWRITTEN LINES) 
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APPENDIX C (Cont'd) 


instructions for Use of Summary Proposal Budget (NSF Form 1030) 


1. General 


a. Each grant proposal, including requests for supplemental or incremental funding, must contain a Summary Proposal 
Budget in this format unless a pertinent program guideline specifically provides otherwise. 


b. Copies of NSF Form 1030 and instructions should be reproduced locally, as NSF will not supply the form. 


c. A separate form should be completed for each year of support requested. An additional form showing the cumulative 
budget for the full term requested should be completed for proposals requesting more than one year’s support. identify each 
yeer’s request (e.g., “First year .” or “Cumulative Budget,” etc.) in the remarks section. 


d. The summary does not eliminate the need to fully document and justify the amounts requested in each category. Such 
documentation should be contained, as appropriate, on a budget explanation page immediately following tne budget in the 
proposal. (See below for discussion on various categories). 


2. Budget Line items 


A full discussion of the budget and the allowability of selected iterns of cost is contained in NSF Grants for Scientific Research 
(NSF 78-41), NSF Grant Policy Manual (NSF 77-47), and other NSF program brochures and guidelines. Foilowing is a brief outline of 
budget documentation requirements, by line item: 


A., 8., and C. Salaries, Wages, and Fringe Benefits (GPM 511). On the budget explanation page, list individually all senior 
personnel who were grouped under A5, the requested person-months to be funded, and rates of pay. 


D. Permanent Equipment (GPM 512 and 204.2). List item and dollar amount for each item exceeding $1,000; items over 
$10 000 require certification. Fully justify. (Not permitted in Phase |.) The title to any equipment purchased in Phase Ii normally 
will rest with the Government.) 


E. Travel (GPM 514). The type and extent of travel and its relation to the project must be addressed. Travel outside the U S. and its 
possessions, Puerto Rico, and Canada must be itemized by destination and cost and justified . Dates of foreign visits or meetings 
should be included. Fare allowances are limited to round-trip, jet-economy rates. Consultant travel should be included here. 
(Foreign travel not permitted in Phase |.) 


F. Participant Support Costs (GPM 518). Normally may only be requested under specific science education programs or for 
grants supporting conferences or symposia. Consult Grants for Scientific Research or specific program guidelines. 


G. Other Direct Costs. 

1. Materials and Supplies (GPM 513). indicate types required and estimate costs. 

2. Publication Costs/Page Charges (GPM 517). Estimate cost of preparing and publishing project results. 

3. Consultant Services (GPM 516). Indicate name, daily compensation (limited to $193/day), and estimated days of service, 
and justify. 

4. Computer Services (GPM 515). Include justification based on established computer service rates at the proposing 
institution. Computer equipment leasing is included here. Purchase of equipment is included under D. 

5. Subcontracts (GPM 623). Must be approved in advance. Include a completed budget and justify details. 

6. Other. itemize and justify. 


|. Indirect Costs (GPM 530) Srecify current rate and base. Use current rate negotiated with the cognizant Federal negotiating 
agency, if available. If no rate has been negotiated, a reasonable indirect cost (overhead) rate may be requested for Phase | which 
will be subject to approval by NSF. if a current negotiated rate is not available for Phase |i, NSF will negotiate an approved rate 
with the grantee. 
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Washington, D.C. 20550 FINAL PROJECT ft EPORT 
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National Science Foundation 
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Post-Award Projects Branch 

1800 G Street, N.W. 

Washington, D.C. 20550 


INSTRUCTIONS FOR PART I 
These identifying data items should be the same as on the award documents. 


INSTRUCTIONS FOR PART Il 

The summary (about 200 words) must be self-contained and intelligible to a scientifically literate reader. Without 
restating the project title, it should begin with a topic sentence stating the project’s major thesis. The summary should 
include, if pertinent to the project being described, the following items: 

e The primary objectives and scope of the project. 

© The techniques or approaches used only to the degree necessary for comprehension. 

e The findings and implications stated as concisely and informatively as possible. 
This summary will be published in an annual NSF report. Authors should aiso be aware that the summary may be used 
to answer inquiries by nonscientists as to the nature and significance of the research. Scientific jargon and abbreviations 
should be avoided. 


INSTRUCTIONS FOR PART Ill 
Items in Part III may, but need not, be submitted with this Final Project Report. Place a check mark in the appropriate 
block nexi to each item to indicate the status of your submission. 
a.  Self-explanatory. 
b. For publications (published and planned) include title, journal or other reference, date, and authors. 
Provide two copies of any reprints as they become available. 
c. Scientific Collaborators: provide a list of co-investigators, research assistants and others associated with 
the project. Include title or status, e.g. associate professor, graduate student, etc. 
d.__ Briefly describe any inventions which resulted from the project and the status of pending patent appplica- 
tions, if any. 
e. Provide a technical summary of the activities and results. The information supplied in proposals for further 
support, updated as necessary, may be used to fulfill this requirement. 
f. Include any additional material, either specifically required in the award instrument (e.g. special technical 
reports or products such as films, books, studies) or which you consider would be useful to the Foundation. 
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intended for discussion of its technical or other content. It is to assist those firms 
which may not have previously submitted successful proposals to the Government 
and is an example of the quality of proposal funded by the National Science Foun- 
dation under phase | of the solicitation. The curriculum vitae and budget pages have 
been removed. 


BEST DOCUMENT AVAILABLE 


SMALL BUSINESS INNOVATION RESEARCH 


PROPOSAL COVER SHEET 
Project Title: improwed Mass Spectrometry Photoplate for Environment Trace Element _ 
—Wetearen 
Topic No Subtopic No. 5 Topic Area Chemica! Threats to Man and the Environment 
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Mailing Address:  '660 Soldiers Field Road 


_ Brighton State_™A Zip 02135 


Small Business Certification Year Firm Founded i971 


The above organization certifies it is a small business firm and meets the defini- 
tion stated on page 


Number of Employees (average for previous 12 months)* 1 Currently | 
Classified as Non-Profit = ol Ves Wo ft 
Subsidiary of Another Firm Yes No ft 
Principal Inwestigator’s primary employment wil! be 

with this firm at time of award Yes & No 


Proje.* Amount (Phase I): § 25,000 

Proposed Duration: October 1, ¥597- march 31, 1978 

This firm que’ifies as a minority owed or women owned ss sma}! Dusiness.** 
yee page 3 for definition) 


Will you permit NSF to disclose the title only of your project, plus the name, 
address, and telephone number of the corporate official of your firm, in your 
propose does not result in an award, to firms that may be interested in con- 
tacting you for Further information or possible investment? Yes No 


ENDORSEMENTS 
Principal investigator (Project Manager) Corporation Officie! (Business) 
Name Josep? I. Masters Name Joseph |. Masters 
Title President Title President 
Signature Large 4 AS Signature (Pore A ni 
Social Security No.** 026-16-46056 Date 29 April 1977 
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1 subsidiary of aqother firm, the mmber of employees stated above must include 
all employees under the contr: f the senior parent organisation. 


‘r 


© *oubri aaion this information te voluntary and refusal to disclose the info 
w mot af’.et am organisation's eligibility for asard. Social security 


NATIONAL SCIENCE FOUNDAT 


mavens \ 


ire uted by the Foundation to monitor and facilitate the receipt and processing 
mmerous proposeale, ae well ae to maintain data on actions taken. The is 
a tel purewant to the general authority of the Foundation under the 

“ter ve Foundation Act of 18950, ae amended. 


feerenen Oiveio~ | iS ~O I . 4 


weet OF WET TUTION 


lonomet Company, Inc 


1660 Soldiers Field Roed 
Brighton, WM 02135 


Pm imc PAL VERT ICATOR -_ 
Joseph i Masters 
FIFE OF Roster a 
Improved Mass Spectrometry Photoplate for Environmenta! Trace Element Research 


FECHA, AOETRACT (Crt FO DD Pica OF 00 EL FE FORERRITTEN LED a 
A growing national need exists for an alternative to the standard gelatin photoplate (The 
plate by sos ) essentially unchanged in the last four decades for re- 


cording mass spectra. There is not only general dissatisfaction with recent quality, but 
also the potential discontinuance of this difficult-to-manufacture, highly specialized, and, 
hence, unprofitable item. At present, the difficulty of obteining Q-2 plates in the U.S. fs 
indeed hurting an important segnent of the scientific communtty--the field of spark-source 
mass spectronomy, pre-eminent for the trace analysis of environmental samples and chemical 
and cancer threats 


The very successful technology of I[OWOMENT Co., Inc. in the vapor deposition of gelatin-free 
jon sensitive thin films, offers a viable solution. In this propose!, three approaches 
following 4 course of research in experimental photo science are documented. Our goa! is 
feasibility research on novel structural modifications of silver halide thin films to meet 
the needs of quantitative analysis using spark-source mass spectrometry In photographic 
language, the modifications ere to bring about a reduction in contrast, end increase in 
latitude or dynamic range, and an increase in sensitivity The proposed program is attrec- 
tive since there are prowen technical advantages in the gelatin-free system as compared with 
the * * * gelatin emulsion photoplate required for ton detection. 


Soren? A COMMER (A, APPLICATIONS OF THE RESEARCH : = 
his research is directed at improving the quality and sensitivity of the (commercial) mass 
spectrometer photoplate to broaden its useage by the scientific community The research also 
may have applications in the photofebrication of microelectronic structures which is @ very 


aoo0ress “7 


large, important and growing market 


IDENTIFICAl lon AND SIGhIT ICANCE ¥ THE rRoeire 
@) Introduction 


The proposed reseerch is in oeeer to Topic 3}, of solicitation 
77-12. It is of @ photocraphic nature, specifically research on vapor 
ited, binder-free photoplates for ion beam recording, and embodies 
@ timely response to # growing national need in «4 most important segment 
of the scientific community. We refer to the field of spark-source mess- 
spectrometry using |' tographic recording of mass spectra. The  omp>ine- 
tion of the spark-s ce mass-spectrometer and che icn-sensitive por coplete 
is perhaps the gos: powerful tool aveilable for the Getection and quanti- 
fication of trace impurities found in both synthetic end natural meterie!s. 
Purthermore, the time integrating feature of photography ower the entire 
range of very short or very long exposures at #11 positions of the photo- 
plete (entire mass range of the spectrometer) makes this method of srectral 
analysis without peer Such instrumentation is in ective use in the U.S. 
by some 50 renowned government and institutional laboretories, most of 
which +e engaged in environmental research or chemical threats investi- 
gations, and by an eGditional 100 of gore facilities devoted *o general 
analyticel work. 


The problem lics with the unsatisfactory gelatin photoplate, presentiy the 
only type of photodetector commercially available for this work. If 
svecessful, the proposed research on non-conventional, gelatin-free photo- 
graphic recording of ion beams will, vie Phase I and Phase II, provi'e an 
alternative photographic system and lead directly to the introd@uction and 
acceptance of « new approach by mess spectroscopists. 


b) elatin late used in Mass t ry: 


(1) reslized in 1921 thet ion penetration into « gelatin 

was slight. He therefore used “Schumann” plates with only 
provide e@hesion of the silver halide grains to the glass 
for the ion beams of his mass spectrometer. With 
or four GeceGes ego of suss spectrometers using the 
and producing ions by on t.f. aperk, the technology 
popular ané widespread. in response, the three giants 
© in@vetry aaGe eveilable five speciel scientific gelatin 
itive to 5-25 hew ions, as follows: (a) Eastman Fodak Swe 
type); (>) Agfe-Schumann pletes; ic) Iiferdé Q-1,.2.3 
forced by grevity to the emulsion surface during fabrication) . 


@etectors, still the only photepletes solé for thie application, heve 
little or no improvement since their inception, 10-40 years ego. 
In fect, becouse of current 4ifficuities of fabrication, the 

plete, by far the gost widely used of the above and considered as the 
etandaré for epark-source gases spectrometry, has recently experienced « 
very noticeable Gecline in quality of photographic performance. 


In the lest Gecede, several leaders in the field have reported on the 
feletive performance of the evaeilable photoplates for spark-source sess 
spectrometry; for example, Pudloff (2), scCrea (3), and Owens (4). It 

ie the concensus of most Of these researchers, os well as « large majority 
of others in the field, that even the best of the gelatin-type emulsion 
pletes are simply not well suited for positive ion detection. They suffer 
several difficulties, for instance: 


1. A Gependence of sensitivity on anes. 

2. Rapid deterioration st room tempersture ané, hence, in shipping. 

3. Mon-uniformty of sensitivity on the plete surface, and plate-to-plate 
batch-to-baetch non-reproducibility. 

4. Sigh background fog level. 

$. Poor vacuum properties (long pump-down tims) @ue to the high weter 
content of gelatin. 

6. Much too sensitive to visible light, requiring the inconvenience of dis 
red safelighting during loading and processing. (insensitivity te light 
ie Gesirable for an ion beam photodetector.) 

7. Sporadic availability. 


These and other problems result from the dependence on gelatin. or geletin- 
Teleteéd design trade-offs. 


The economic climete which determines the future of the gelatin photopletes 
weed for epark-source ase spectrometry is clivar. There is virtually so in- 
terest by the iarge photographic companies to perfors research leading te « 
@ore suitable spark-source Gees spectrometer plate. This is beceuse the 
@arket is guch too small for « profit incentive, and such research Goes not 
necessarily have broed applicetions elsewhere. In fact, tlforé hes recently 
threatened to stop producing their non-profitable Q-2 plete, but hes continued 
es @ result of pressure froe « large number of institutional users. Tiferd’s 
Current Gelivery time, once 3-4 weeks, is now as long as six months for the 
imereasingly populer 15° length. This sise is used in the Jeol Inc. spark- 
@ource instrument. virtually the only one on the garket today which is 
@vailable with photographic detection. furthermore, there is little eseur- 
ance frome tiford that they will continue winterrupted to provide the éiffi- 
@ult-to-fabricete Q-2 plete. The Kodak SWR photoplete is made primarily in 
10° A 15" SVR plete ie awailable only 8 @ special oréer ites, 

Which selie for $16 per plete ané is Gelivered in 4-6 onthe. 


There is no question thet thie lack of response on the part of the phote- 
Graphic industry to the needs of the mass spectroscopist hes Purt this 
Segment of science. As & result. there hes been «4 turning ewey free phote- 
@etection toward electronic detection, sore for of ience than 
Because of outstanding advances in electronic Getection. There remeins, 
however, # large solid core of scientists committed, by the rature of their 
work, to phote Jetection and their involvement is further heaghtened by tle 
current surge of interest in their field dus to the concern for the enviren- 
@eet; i.¢., by an increase in the need for rapid analysis of biological ané 
environments, samples. 


BEST DOCUMENT AVAILABLE 


$ ? 
c) Statement In Table 1. # comparison of conventional photopletes currently available 
, spert-source sass spectrometry TONOMET's wapor éepos tor 
ae es @ = Ses ped cons p and ae yd ~ a The wepor geposited > as aaa in ell a hey 
S S CUNEESING, OF 69 tap oD ates m9 te wey Gale = des except those of éynamic range, which is important for quenti- 
this important sector with the efforts of an organization whose size, in- coups ’ , 
terest, anéd expertise are capable of undertaking this task. tative analysis, and threshold sensitivity, “here it is et least three 
. times less sensitive. Actusliy the 4ifference in thresholé sensitivity 
- measurement 
A promising approach to the problems cited above is « reseerch program to a © See —— -y is a less ther 
emploit the eévantageous intrinsic properties of gelatin-free. vapor-de- ebeerved “ SS ee _ bap — —~ya oA 
ted, silver halide | . This comparatively new technology is the —— a extremely becagrouné 
spec expertise of the Company, © small organization whose unique level vapor Geposited plates. 
ané sole interest is the photographic 6etection and recorging of mass 
epectra. In the lest few months several requests fro® leading sperk- + witimate goal of the ——- oo is As . ee 
source mass spectrometer laboratories have been received which encourages steep ee — os. —— aye A tonal 
TOMOMET to get involwed with this probles. This offering from the Bational present vr" cote aan te plates. — — 
Science Foundation will allow us an opportunity to emberk on a project in increase ——— ae io So — Ay. 
which we are well briefed ané for which the eventus! pay-off, in terms of anne ot .% oa a. eynamic ake opec — 
national need ané public benefit. is substentiel. Simultaneously, « =, Phase determine, certain experiments. 
new market will be made available to IOWOMET Co. Socsibilicy. 
id : 
TOMOMET Co. hes, Guring the period from 1970-1974, perfected and marketed b) hese 5 Mork Pian 
@ vapor-Geposited, gelatin-free photoplete and related processing chemi - 
cals useé exclusively by organic high resolution sass spectroscopists. ~ | (1) ise Ey = oa A. the ton ee a of an tiford 
This is 4 smell sub-group of mass spectrometry representing about 30 large A p—- = ao Slee eae SOS Se antes & 
laboratories worlé-wide. Their work consists of high resolution detection dagths Cue a cette GEE nates otk pa. yx wy 
ané qualitative ewaluetion of high sees number seleculer ions. The sedévent ~~ ey . nes > ~~~ eth - . > vw 
of this exceptional detector hes made « signs Sicant contribution in the field — ~w ) of | we: .-r ——_ ¢ynesi —y _ 
of organic and biochemical ch by ding the overall syster mass Y~ - ae TT ae aes bly 
range substantially and by greatly improving signal-to-noise in photode- z ene-éecete any Pd > ay a ay my —_—< 
tection. TOWOMET Co. has also recently become one of two exclusive dealers Seagenss curve curve A, requi spark -sour mess 
in the U.S. for Ilford’s Q-2 plate and thus has contact with scientists , 
Girectly involved in the problems cited above. 
100 
IMMOVATIVE APPROACH AND ANTICIPATED BOWEFITS 
—— Curve A Iiforéd Q-2 Plate 


@) TOMOMET'S mavor thrust i. a working knowledge gained from basic research, ~--- Curve B lonomet Vapor Dep. Plate 
and product development of thin film continuous 
layers of silver halide. In Phase I. this technology will be used in ex- 
periments of a trial nature designed to test the feasibility of ion-sensi- 
tive leyers egeinet specific established requirements of spark-source mass 
spectrometry. The essence of this evalustion will be to prove that 
certain characteristics required for routine recording of spark-source 
Sess spectra are physically allowable within the constraints of the solid- 
state structure of vapor deposited gelatin-free silver halide films. 


% Transaission 


“hase II will follow, with continuity, from the findings of a successful 
Phase I program by expanding on Phase I approaches or by aé@ing new re- ~~ 
Search ideas leading to program goals. = 


>) Anticipated Results if Successful 


The world of scientific films and fletes is traditionally controlled by 
large compenier whose macor product lines are related to amateur, graepric 
arts, of industrial photography As @ result, scientific customers rep- 
tesent « catcher small market and heave little opportunity to influence 


-2 and lonomet plates exposed to 20 kv Zinc ions. 


is Gefined using « plot of Density ve. log Exposure where 
ty * log (1/transmission) . 


the menufecturer regarding their specialized needs. 

file manufacturers. onthe other hand, are « eed 

the probles of patents and the difficulty fl concy Table 1. Photoplate properties. Spark-Source Mess Spectrometry 

of « low volume product Mere empirical . 

fabrication. TOWOMET Co., however, is > foré Kodak 

patent position in the area of gelatin Sangeet _vep._Sep. Sifese oo? = 

the opportunity, eagerly responding to -1) 2 i 10°? 2 “i 2 

ity wherever this technology aight apply Trresholé Sensitivity $al0 Coul/cs Se Coul/ce i. Salo Coul/ce 

source mass spectrometer photoplete market rT Co. anticipates Siape of response curve 2.5 i i.s 

the same Gegree of success as enjoyed with t lution detector. ise of greins/domeine 0.2-1.5 aicrons 0.%-$ eicrons ©.$+$ aucrons 

There is @ national scientific need for the gelatin-free detector thet will Line edges (resolution) sharp é:ftuse ai ftuse 

eventually replace the conventional gelatin photoplate (I. ford Q-2 plete) Background foq level very low hagh aedive 

now in ~ de use for recording mess spectra. This is not only because of 

the general dissatisfaction and re of the letter, but, ire mete Flare near intense lines sligne severe severe 

: woul fr , “ . a 
oe Sceens resuit be we 

received by « large number of research teams throughout the United Stetes. Mase number dependence enti quite large large 

Although we refer directly te scientists devoted to spark-source masse Conductivity edequs'¢ Lo~ low 

spectrometry, it is important to note that such groupe may be part of an 

analytical laboratory performing support work for others. This is especi- Storege problems none wodiue severe 

eliy true for several of the independentiy-owned analytical leboratories, Coot’ $37. 50/pilete $4-5/plete $4-S/plate 

ané government laboratories, for example: RDA, Nuclear Div., Oak Ridge, (10* size) 

T) ERDA Energy Center, Pitteburgh, PA, #.8.5., Washington, 0.C. “meee: 

o oS enmuns » Cost is strongly releted to sales volume. If vapor Geposited plates received wide 

“> Custhes classes on the : S SORESEGD CS hd Ut ecceptance in spark-source mase spectrometry the cost/piate would be significantly 

it is eetimated that 20,006 to 40,000 Ilford 2 plates are used annually gotuses. 

in the U.S. by ower 100 laboratories where 100-500 scientists are directly 

involved. (At recent annusl conferences on Maes Spectrometry and Allied 

Topics, there were 900 of more registrants.) The combined annual research A statistical model for curve A can be generated as « function of the spatial 

Budget for work directly related to the photo-recording of mass spectre and numerical grain size distribution at various emulsion Gepths, the 

May be as high af $100 million. probability of development of struck grains, and the nature of the exposure 
in Gepth. (6). This is possible because the grains ere resolution mits 

A@Ai*ional Leverage comes by way of an influence on the marketing of that are essentially isoleted [roe one another in exposure and develonment, 

spark-source mess spectrometers. The advent of high performance, con- ané aost important, each developed grain (silver speck) has « size and 

Venient-to-use photoplates would be « boon to the sale of such inetruments, position relationship to the undeveloped grain from which it evolved. This 

and, at the same time, would provide positive stimulation for the updating type of argument is simply not applicable in the cese of curve 8 because 

of alternative recording systems. the sub-microecopic Gomeine (see Fig. Ja) of & vapor deposited layer ere 
met isolated either Guring exposure or Gevelopeent. There is « loss of 

The cost of Phase T is, 48 indicated, $25,000. for Phase II we anticipate Correlation between the configuration of developed silver ané ite pre- 

the need for two man-years for « period of 18 months, at the rate of Geveloped Gomein structure. Thus, in an etterpt to modify “he shape of 

$100,000 per year. This is « program total of $175,000 not including curve B, it is net Gbviows thet guch can be learned from the perameters 


effecting the shape of curve A. inetead, what is indicated is « reetruct- 
wring of the thin halide layer on « tnowledqeabie trial bese 


EVES AND #OMK Three approsches are suggested here for altering the vapor deposited 


surface in an attempt to reduce the steepness or the high contrast of the 


venture capita. support for follow-on work 


©) Phase i Object.ves ion reeponse. 
1. mpieturizetion 

The Sein Objective of Phase I is to examine the feasubility of « research 2. Developer Refinement /Surfece Etching/Gold Sensitization/ Retention 
procedure chet could lead to the development of « geletin-free vapor- of Surface tmege 
Geposited photoplete for epark-source mess spectrometry--a photoplete 3. Vapor Seposition Overcosting of « Conventional feuision 
Mich could eventuseliy repiece the conventional geletin-type fetector sow There approaches for Phase 1, Getaiied below, ere definitely goal oriented 
in wide use. See Sigure 4 for comparison of photographic quality and t© eveluste feasibility tether then to obtein an in-depth understanding of 
fesolution careDility Wéerlying mechaniems, hich is Ore & by-product of Phase I: Thus 


37 


@o not in Phase | propose. for example. electron-gicroscopy or éiffrection 
techniques «hich ere powerful tools for the study of surface etructare 
inetesé we irtend to evalapt: Cur warlows trial samples by cbeervieg their 
photographic performance with the optical microscope. The method for 
screening samples «ill be to take e@vantege of the sero'th oréer “orreletion, 
im the case of « wepor Gepositec helice thin file, between ite reeponse 

te blue light ané to ion exposure: i.«.. samples will be generated froe the 
three epproeches senticoned abows, ané. using « celibreted light sensitometer, 
they ill be exposed to « range of light intensities covering three oréers 
of magituée. This method is currently in routine use by TONOMET for 
Checking fog level, grenularity. threshold sens.tivity, ené generel photo- 
graphic quality of regular proéuction runs of high resolution photoplates 
for organic sess spectrometry 


Cooperative Testing by “eee Spectrometer Laboratories 


Those trial procedures hich show promising optical, light sensitometry 
results will be pro@uced as photopletes in the correct formset for testing 
by Guslifled ané experienced workers in the spert-source sess spect 

f.0e16. Beceuse [ONOMET is «4 known source of photopletes it is set éiffi- 
cult for us to errange for testing selected samples ir « sperk-source 
Sess spectrometer Too many Laboretories oo mention here heve indicated 
@ strong interest in thie research project end they heve offered to par- 
tacipete ir the testing stege 


TOMOMET intends to prowide samples free of charge. including the proper 
Geveloper formulation io exchange for « techmicel ewaluation. These date 
will provice ar important guideline for Phase I and will Getermine, in part, 
the feasinility of the approach to the problew cited abowe. The resulte of 
the testing stege il. a.80 indicate directions for Phase II 


Moisturizatior 


for some time now it has been Known thet subjecting « wapor deposited 
Silver helice surface to an environment of high reletive humidity can 
profoundly disturd its photographic performance Although not well 
understood nor for~sliy reported, some recent very prelimsanary ené incon- 
Clusive light sensitivity tests performed in the [OWOMET laboratory in- 
Gicate thet this effect hes promise worthy of further investigetion These 
Tesults are shown in fig 2). employing « grey scale comparison of « 
Standard vapor Seposited iayer and one subjected to « short tere high 
humidity treatment 5.008 @8C% Successive erey Scale step represents an 
e64itione! factor of 27 1n reduced light exposure, Misturizaetion pro- 
@uced « (2°)" of « 4-foid improvement in threshold sensitivity to blve 
light and subsequetiy., an equivalent increese in éynamuc range 


Optimazetion end cortrol cf thas effect require thet certain perameters 
be varied over reasonable rances These include treatment time, relative 
humudity, temperature, and the thickness of the helide leyer Thas type 
Of emperiment is simple to execute After checkang regular proéuction 
Semples for standards of thickress and quality. the pisates are subjected 
tO @ veriety of the eforementione’ parameters using « humdity controlled 
oven A grey scale eval vats sitiler to Fig 2) will be performed and, 


repested on unexposed samples in storage 
longevity of the effect 


* Surface Etchs 


Developer Refi nene”- 


Fig. (Je) is an electronmicrograph of « v showing 
contiquous domains or grains separated by wel p ries 
Fig. (3D) ie @ Similer representation of arrest t: i.e tne 


sample ws removed from the developer after ) 
sequence illustrates the proposition (7) thet the boundaries cr grein edges 
are regions of pho.celectron trapping sites, causing latent imege formation 
to fever these bowdaries. The action of the internal developer on the 
boundaries is 4180 observed, samely etching and deepening sione with the 
presence of initial silver growth Since the Gomaings are structurally 
interconnected and are not isolated, af in @ Gelatin emulsion, development 
Gould epreed silver formation well beyend the exposure region i.« 
“infectious fogging” and loes of resolution could occur However, to con- 
trol infectious development, an internal developer containing # geserous 
amount of the silver halide solvent, e,5,,*. 28 employed to produce some 
Geqree of Gomein separation The Geveloper performs o6 & HOnObeth in 
which the reduction of exposed grains to silwer and the etching of the 
entire surface are competitive processes which occur simultaneously Thus 
Gevelopment, if taken to completion, includes fixing as well 


Our approach under *his heading is besed on the eseumption thet some 

eurfece latent image representing an important contribution to threshold 
sensitivity may be washed away durinc th early pert of the gonobeth develop- 
@ent procedure, and that sensitivity and ¢ynemic range could be iaproved 

by retention of surface latent imege In regions of strong ex, eure 

thie would be of n© consequence, but in regione of weak exposure regis- 
tretion could be lost In support of thie eseumption we refer to our 
@mperience ‘anpublished) with vapor deposited silver helide a8 «4 Getector 

in the near ultra-violet opticel range. The sensitivity of this type of 
surface exists only for wave-iengths shorter than 4800, and, beceusr 

At if geletin-free, che surface should mare an excellent detector for u.¥ 
Spectroscopy However, there if @ sensitivity fall-off towerds 000 

and beyond This Gecline happens to correspond with the reduced .) om 
of u.¥. Light into silver helide with decreasing wave length at 2500 A, 

for exampie. rougriy 95% of the incident uv. light is absorbed in the 

let 9.05 microns of leyer depth where the resulting letent umege may fore 
Presweebiy. sensitivity .# leet because the internal developer required 

for stable development destroys surface letent image This may be cree 

Cial in the cose cf u.v. light exposure for light « >s00 
Tw related directions are indicated to rete. and recover surface image 
(1) Refinement of developer formulation 

(2) Pre-expoeure etching of the vapor deposited lever 

in (1) TQWOMET will test developers in which the concentration of Ne,5,0, 
i@ re@uced to estabiish *he ainimum concentration for suppressing 
infectious deveioprent. Hopefully the resulting formulation will enhance 


* Sediws thidsulphrete 
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: oe. .903 b, efver 5 secongs ir irternmai seve_oper 
sapor-Seposited Silver -4.i98 .s,er. 
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Fig. 4 Comperieon of sygnal/noise at threshold of Getection ‘nm the mass spectra of an organic 
mixture. mass 92-9) [he exposure on the lef was made with « conventional plate and the one 
m the right was made with on evaporeted Aglir plate 


surface imege recovery. A satisf.ctory trade-off would be threshold sen- 
sitivity improvement without intolerable degradation of resolution 


In (2) TOMOMET proposes to aiter the surface of the silver halide layer 
wing an etching 4ip a8 one of the final steps in the fabrication process 
This step aey indeed produre & more sensitive photographic surfece 
because. 

* The roughened surface eres will be larger and may contein sore phote- 
electron trapping sites @ue to enhancement of the photographically 
ective domain boundaries. 

* The enhancement of the boundaries conceptually «llows the use of « 
Geveloper “ith « lower concentration of silwer halide solvent, i.« 

@ Geveloper approaching « surface developer capable of recovering weak 
surface image important in threshold éetectavity 

* The solvent would be « Na,5,0, bath. Since sulphur is « known photo- 
Graphic sensitizing egent, some sensitization of the surface say accrue 
from this step. 


Since etching will remove silver helide, it is necessary to start with « 
thicker leyer for this step to achieve @ practical belance between initial 
thickness and degree of etching. The advent of « roughened surface «1 lows 
the consideration of gold sensitization to be accomplished by dipping 
semples in & Solution of certain gold salts. Gold is @ known sensitizer 
Wich is believed to prevent low intensity reciprocity failure. in the 
case of exposures of long duration et low light of weak ion beam levels, 
the redietion arrival cate may not compete successfully with recombinetion 
processes in the photographic media. Thus reciprocity hes failed in the 
@enee that the detector faiis to integrate and, hence, it fails to detect 
weak siqnais 


Because sent spectrometer exposures aay be considered of long éuretion 

in the photographic sense. reciprocity failure should be of concern in ion 
Sensitive vapor Geposited leyers and *hus the notion of gold sensitization. 
believed viable in the case of an ecched surf*ce. should be investigated 


in aG4ition to testing these options using the sensitometry sethod éis- 
cussed under “mmisturization”, TOMOMET will employ « neer u.v light 
source. Thus it gay be poesibie to obeerve an anticipated improvement in 
e.%. Sensitivity ef « result of ow efforts to preserve surface image 
from exposure tiwough development 


Our standard sub-micron silver Selide leyer is vaper-deposited on « glass 
Substreted which is subcoeted for adhesion of the coating, and the sexioum 
Ghtainable optical density of thie eyetee is abowt 1.5 “hick leyers 

heave somewhet Sigher Gensity, but theif photographic quality is generally 
poor. 


Intuitively the intrinsic high contrast ané emell Gynamic range of the 

vapor-deposited layer can be ettributed te its thinness In the geletin 
@@ultion, a variety of train sites and ectiavities with ereins located at 
VGTiOous emulsion depths are seeted to provide letitude 7 echieve the 
effec: of sigher saturation Gensity without secraficang sensitivity. ete 


13 


the novel concept of ower-coseting «@ certain class of conventional emulsion 
pletes «ith « wepor-Gepos.ted silwer helege leyer is proposes. The in- 
tention of this approech is to increase the letitude of the standard 

thin wapor-Gnposited layer Dy prowiding s66itionel receptor capecity, i” 
the fore of the underlying emulsion grains. 


lon impact would be absorbed primerily is the vapor-Geposited over~costing 
ith « emell fraction of the energy reaching the geletin greins. However, 
é@uring heavier exposures in che range of 10-100 times threshol¢. the over- 
costing is saturated when the exposure approaches 1D times threshold. 

but the frection of the impinging ion energy Wet survive surfece absorption 
and reach emulsion grains cowlé continue to e66 Gensity ané, hence, in- 
crease Gynamic range of the composite system by am e@¢itionsl one, oF 
perhaps to. orders of magnitude. 


parencies, is eveilable in « 10° size ané selle for net such gore than 
the price of the gless iteeif. 


Preparation of Une bese photoplete woulé probably of 
eurfece gelatin with an enzyme etch to get Gown to the grain Gepth before 
over-coeting This would rouwghen che ge at aa 
excellent subsetrete for vapor-Geposition of the silver he 

Development of Whe ower-coset system aay require two steps 
Geposited layer is processed with its raid 60-seconéd sonobath Geveloper 
in hich exposed regione ere reduced to #1) 

the underiying geletin) and umerposed eeterial is Giesolwed, (2) nent. 
the surface is washed and pleced in « standard solution for é¢eveloping 
the underiyong emulsion qresne and then the plete is fined. 


Tt is alee possible thet the quite Gifferent silver helide file structure 
Tesulting fraw « Geposition on roughened geletin woulé allow the ase of 
* Single stenéeré Geveloper step 


if successful, (his approach appears to offer the poesimility of « very 
inexpersive sperk-source photoplete This is beceuse major rew seteria: 
and glass preperetion costes are eliminated with the eweilability of « 
very inexpensive base pho toplete. TT performance of the over-co#t can 


be teste’ seperately veten@ POO light wach is slimmest «)1 abeorbed 
Within the costing. ‘ellewed by selective Gevelopment full testing 
of the feasibility of thee approach requires the cooperation of « 


eee spectrometer fecility becevse of che new for son exposure 


Summery of Phase I Work Pian 
With the three approeches Getea:led above, the problee of incressing the 
letitude or Gynemec range of wapor-Gepos:ted silwer helide lLeyers hes Beer 
addressed in to ways. The firet two approeches propose to Go thie by 
increasing threshold sensitivity, eherees Che lest approach includes the 


ry 
ides of increasing the range by in reesing Sexieue density 
Eacept for cooperative testing in oweside leboretories, «1! 
Phase | experiments can be performed using I ass 
for sample preparation Only andes purchases i 
Chemicals and supp! es . 


Since 1970 the major effort of the principle i 


IOMOMET Company, has been the refinement of vapor opiates 
from ah exper.mental topic inte the reels of « cial 
product for organic high-reselution masse spectrometry ave back- 


Ground of related research experience prior te 1970, while the principle 
investigator held the position of Sensor Consulting Screntiet et Teehnace: 
Operation, inc. of Burlington, Meesechusetts, will be mentsoned in the 
rant section 


The development and ecceptance of [OMOMET's photopletes for organic work 
Came ef @ Tesult of « cooperative effort with the Dept. of Chemistry. 
“.1.T. For thie type of work we, therefore, value the idee of coordination 
With Operk-source mess spectromever laboretories for convenience. we 
heve made an informel arrangement with « locel facility engeqed on * 

quite lerge and important environmental study, Samely, GA, Technoloesy 
Division of Bedford, M (see letter below frome Or. Kemeth SeGreger. 

Senior Scientist, Eevironmental Engineering). This group is in 

with Or. Edvard Owens of #.1.T.-<Lanceln Laboretery. she is « pioneer in 
this field and whe hee peo lished several review articles on epart-source 
meet spectrometry using phote detection. 


SE) PERSO. NAD BIBLIOGRAPHY OF DIRECTLY SELATED WORE 

Phase I will be conducted by the principle investigator, 7.1. Meeters 
(1/2 tame) and © Leb eeeietent (1/2 tome). Suring the Phase I period, 
W/i/7? ~ W/11/78, Cie effort will Be the principle investigetor’s 
“ly research commitment. The balance of hie time will be used for 
foutineg administrative work releted te company business. 


© Masters hes @ broad beck@round in experimental physice. This listing 
Below represents special knowledge and experience which directly reletes 
we the research proposed. 


A971 te Present -- eetabligheé [ONOMET Co. te produce special epplicetsons 
Scientific photopletes. Tie fire ie now the sole source, world-wide. of 
ProOtopietes weed in organic high reenlution meee spectrometry. The pre~ 
@uction process involves vecuum techsology, pletogreplic solid stete 
theory, detectivity theory ‘nouse theory), and silver halide chemietry 


1967-1970 -- Sensor Consulting Scientist. Techhicel Operations. Inc. 
Purlington, A. Sesearch in the solid-state physics and electrochem etry 
Of thin fils Lome conductors with potential applicetions in aunsetare 
evaporated batteries. semery Gewices, cowlometers, and electrolytic cape 
citeres Seveloped « commercially successful electro-optic lesser cotuietor 
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2960-1967 -- Sensor Prysiciet. Techmicel Speretions. Inc. Directed 
and performee © & 0 of & nowel evaporated silwer helige ton Getecter phote- 
plete for use in Sess Spectrometry, inwestigetions into the structure! 

of eveporsted silwer helices ané fabrication of ultre-thin 
self-supporting metal files for electron beam windows, also, research 
om thie file ewaporeteé silwer hbelice electrolytes leading to the suc~ 
cesesfel fabrication of stable silwer sodice ané silver bromide totally 
evaporated reversible ceils 


2957-1960 -- Heed, Segnetices Umit, Aic Force Cambridge Research Center, 
_m. 


2955-1957 -- Steff prysicist, Kycon Eastern, Inc. 
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etetics research releted to the Merography process 


1947-1950 -- Optice Lab. Dartmouth College Vecuu evaporetion of aetals, etc. 
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“Svaporeted filwer Sromide as 4 Photographic Recording Medium,” 2.1. Mentors, 
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rolyte Celle.” 2.5. Seetere, &. Vouree, 
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iteic Effect in Sweporeted Silver Bromide Conduction 
. Mowember 1970. pp. 1978-8). 
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research concerned with silver helide than filme) 3219464, 1219645. 
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229766), B297464, D1299HL, 2D29008L, FPHPLLZ, FITS. 
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Phototetrice. Inc if fh e@tabliehed emall Dusinese with capebilitios 
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emtert Ghie Gerket 16 Gependent on Che aveilability of « suitable 
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pe. 620-22 
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